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Feasibility of the application of mechanical mining to 
gypsum development was investigated from technical and 
economic aspects.
The mechanical cuttability of gypsum and overburden rock 
was analyzed through a series of laboratory tests, including 
physical property measurements and linear cutting tests. 
Based on the evaluation of laboratory results, a cutting 
system was designed for surface mining machines and the basic 
operating parameters were derived.
In order to evaluate the mining costs, detailed mine 
design studies were performed on an open pit gypsum mine 
project utilizing the mechanical and the conventional drill 
and blast mining methods. The economics were compared using 
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Gypsum is the most common of the naturally occurring 
sulfate minerals, also being one of the principal industrial 
minerals. In 1988 about 98 million short tons of gypsum was 
produced in the world. The United States, the world's largest 
producer and consumer, used about 25 million short tons of 
gypsum. Of that amount, about 60% was produced domestically 
and 4 0% was imported from mainly Canada, Mexico and Spain. 
The majority of the gypsum is calcined and used for wallboard 
and plaster, and the balance is used as a cement setting 
retarder and as a soil conditioner (Davis 1989).
Currently, approximately 60 open pit and underground 
mines produce crude gypsum in the U.S., and almost all the 
mines use conventional drill and blast mining methods. The 
physical properties of gypsum (20 to 40 MPa in uniaxial 
compressive strength, 2.0 in Mohs hardness scale and 2.32 in 
specific gravity) indicate that gypsum can be excavated 
effectively and economically by mechanical miners, provided 
the machines are designed properly.
Mechanical mining has several distinct advantages over 
the conventional drill and blast method. Because material
T-3921 2
fragmentation and removal are performed simultaneously by the 
machine, instead of the cyclic nature of drilling, blasting 
and loading, mining operation can be carried out continuously. 
The elimination of the blasting also improves personnel 
safety, as well as providing for an enhanced working 
environment. Mechanical mining also allows a selective mining 
capability, which becomes a highly beneficial feature in 
removal of interbeds or low grade layers to minimize ore 
dilution. Primary crushing requirements can be eliminated 
since the produced material is already broken to a reasonable 
size. Further, the product size can be controlled within 
certain limits by designing the cutting system appropriately. 
The smaller and more uniform product enhances material 
transport and permits application of continuous haulage 
systems, such as a belt conveyor. These advantages of a 
mechanical mining system will be shown to result in improved 
productivity and reduced mining costs.
Economics will determine if a mechanical mining system is 
appropriate for a particular deposit or operation. The 
initial investment for employing mechanical mining machines is 
higher than typical conventional techniques. Therefore, 
reliable determination of mechanical cuttability is essential 
in order to reduce the risks associated with the application 
of this technology. When the factors influencing the
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cuttability are determined and evaluated, machines can be 
designed to achieve higher rates of production and lower costs 
than conventional drill and blast methods.
A major production expansion project has been planned by 
Eagle-Gypsum Products Inc. in Eagle, Colorado, for their 
gypsum mining operation. This expansion requires a new open 
pit mine development to produce 400,000 tons per year of crude 
gypsum for their wallboard plant being constructed in Gypsum, 
Colorado. The company is assessing the economic feasibility 
of using continuous miners to improve productivity, to reduce 
mining costs and to migrate environmental concerns, such as 
dust and noise, likely to arise from drill and blast 
operations.
1.2 Purpose and Scope of the Study 
The purpose of this study was (1) to investigate the 
mechanical cuttability of gypsum and to establish the 
principles necessary to allow the design of efficient and 
productive mining machines for gypsum, and (2) to compare 
overall mining costs between mechanical mining and 
conventional drill and blast methods in an actual case study.
A thorough literature survey was first conducted to 
determine the extent of previous work related to the topic of 
this thesis, especially in the mechanical cuttability of
T-3921 4
various kinds of rock and the design parameters for mechanical 
mining machines. The important findings of the previous
studies are summarized in Chapter 2 of this thesis.
In order to analyze and evaluate the factors influencing 
the mechanical cuttability of gypsum, a series of laboratory 
tests on samples of gypsum ore and overburden were carried 
out. These included a series of physical property 
measurements and linear cutting tests, as discussed in
Chapter 3. The emphasis was placed on examining such
cuttability factors as (1) specific energy, (2) bit force 
requirements, (3) bit wear, and (4) size of cuttings, in
relation to the type of cutting bit, penetration, spacing and 
the cutting speed.
In Chapter 4, based on the analysis of laboratory tests 
and literature review, suggestions are made for the design of 
a mechanical miner with regard to optimum bit layout, cutting 
drum geometry, muck removal scheme and drum operational 
parameters such as direction of rotation, power requirements 
and machine weight.
In order to compare mining costs, detailed mine design 
studies were carried out on the Eagle-Gypsum open pit gypsum 
mine development project utilizing both mechanical and 
conventional drill and blast methods. These are presented in 
Chapters 5 and 6 respectively, and the mining costs comparison
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based on the after tax discounted cash flow analysis is 
discussed in Chapter 7. Conclusions are found in Chapter 8, 
and recommendations for further research on this topic are 





Very little published information is available in the 
literature about mechanical cutting of gypsum. In the 1970s, 
a limited amount of actual mining tests were carried out in 
gypsum using Goodman and Marrietta boring type miners equipped 
with twin 6 ft diameter rotor heads mounted on crawler tracks 
and weighing approximately 60 tons. These attempts were not 
considered successful as the woody texture of gypsum required 
higher amounts of energy than the machines were capable of 
delivering. Moreover, the presence of anhydrite, a material 
harder than gypsum, caused excessive bit damage as well as 
increased machine vibration. Only recently has research been 
renewed toward evaluating and improving the mechanical 
excavation of gypsum.
Currently, two gypsum mines utilize roadheaders as the 
primary means of production. The DOMTAR underground gypsum 
mine near New Caledonia, Canada, uses two Paurat roadheader 
machines. These machines are 60 ton units with 400 kw motors 
on the cutting boom to power a 3 ft diameter cutting head. 
The expected production rate was 300 tons per hour (TPH) ; 
however, the actual rate achieved was only 160 TPH, primarily
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due to insufficient mucking capacity on the machine. Another 
example is an open pit gypsum mine in Thailand. An Atlas 
Copco/Eichoff ET/160/300 roadheader has been able to sustain 
an average production rate of 120 TPH while mining 15 ft high 
benches. No details in terms of actual mining costs are 
available in either case.
Several industrial minerals operations in the U.S., 
including gypsum mines, have tested Caterpillar Pavement 
Profilers for surface excavation. These units are used 
primarily for removing asphalt and concrete from roads. A 
Caterpillar PR-750 Pavement Profiler is currently in operation 
in a gypsum mine in western Oklahoma. The mine appears 
satisfied with the performance of the machine despite the fact 
that its cutting mandrel is designed for asphalt excavation, 
not gypsum.
A significant amount of research has been performed in 
the mechanical cuttability of coal measure rocks using drag 
bit type cutting tools. The important findings of the 
previous studies as they relate to gypsum are summarized in 
the following sections.
2.2 Bit Type
There are four variations of cutting tools for mechanical 




Figure 1. Mechanical Cutting Tools 
Source: Roxborough 1985
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Drag bits are commonly of simple chisel form or pencil- 
point shape. They are arranged in an array on the peripheral 
surface of a rotating drum or the face plate of a boring 
machine and are widely used in the coal mining industry.
Disk cutters are solid steel disks with pointed or blunt 
circumferential edges. The disk operates as a free rolling 
wheel in which a high thrust forces the edge to penetrate the 
rock surface. A superimposed translating motion causes the 
disk to roll, gouging a furrow in the rock in much the same 
way as a heavily loaded wheel rolling over yielding ground. 
This tool is mainly used in tunnel boring machines for 
excavating a wide range of materials from soft to very hard, 
abrasive rock.
Toothed roller cutters have similar concept and design to 
the disk cutters except that their cutting edges are equipped 
with teeth, having an appearance very similar to that of a 
simple gear wheel. As each tooth engages the rock during free 
rotation of the wheel, a rock fragment is chipped away. This 
tool is extensively used in the oil industry for cutting large 
diameter boreholes to great depth. It has also been used in 
shaft drilling operations in soft rocks.
Button cutters usually take the form of a free rolling 
cylinder or cone frustum, of which the surface is studded with 
tungsten carbide buttons. It is operated in a similar fashion
T-3921 10
to the disk and roller cutters. A high penetrating force into 
the rock surface, supplemented by a translating motion of the 
tool, causes rock degradation by grinding and pulverization. 
Because of their grinding action, these cutters require high 
energy input to remove a unit volume of rock.
Among these tools, the drag bit is generally for use in 
softer rock formations with a compressive strength not 
exceeding 80 to 100 MPa (Roxborough 1985). The drag bit can 
be divided into several shapes, simple chisel, round bottom, 
v-bottom, v-front (plow) and pencil-point (conical). The past 
research conducted in the comparison of these types of bit by 
many laboratories worldwide indicates that, at the same depth 
of cut and the same front rake and back clearance angles (a 
and J3 in Figure 1) , the simple chisel provides the most 
efficient cutting while the conical shape being the least 
efficient with other geometries being ranked between them. 
Although the conical pick requires the lowest bit forces, it 
produces less cuttings and is prone to generate more airborne 
dust. However, these results are valid only at the same 
cutting depth. The conical pick can achieve a deeper cut than 
the simple chisel under a given available force because the 
required penetrating force is lower. Therefore, it can 
operate more efficiently by penetrating deep at the same force 



























10 20 30 400
DEPTH OF CUT (mm)
Figure 2. Relative Performances of Pointed 
(conical) and Chisel Bits
Source: Hood 1989
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exhibits better durability provided it is allowed to rotate 
freely in its holder (Evans & Pomeroy 1966, Hurt & MacAndrew 
1985).
The durability of the free rotating conical pick was 
demonstrated in comparison with the plow bit (Ropchan 1980). 
According to Ropchan, during about 5,000 ft of cutting test, 
cutting forces increased continuously for the plow bit; 
however, for the conical pick, the cutting forces were 
uniform. As a result, when new, the plow bit required only 
1/2 to 1/3 the cutting forces as the conical pick. However, 
after 5,000 ft of cutting, the plow bit required 2 to 3 times 
the cutting forces on the conical pick.
This suggests the best bit type for the practical cutting 
operation in either hard or soft rock would be the conical, 
although the simple chisel and the plow bits show better 
efficiency as long as they keep their original shapes.
2.3 Bit Penetration
Figure 3 shows some basic relationships which have been 
developed for drag bits from numerous laboratory and field 
cutting studies. The drag (Fc in Figure 1) and normal forces 
(Fn in Figure 1) increase with depth of cut as illustrated in 
Figure 3 (A) . The relationships are generally linear and tend 





















0 10 20 30
Figure 3. Basic Relationships for Drag Bits 
Source: Roxborough 1985
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Several equations have been developed for estimating the 
cutting force of drag bits. These are:
(a) Chisel pick drag force (Evans 1961)
2 tdwsin —  ( —  -a)
Fc = ---------      (2.1)
1-sin—  ( —  -a)2 2
(b) Chisel pick drag force (Nishimatsu 1972)
, _ 2 vdwcos (<|>-a) cosy
0 (n+1) [1-sin(Y+<j>-a) ]
(c) Conical pick drag force (Evans 1984)
16 ft t2 d2 
cos26 u
Fc = ^ (2.3)
where: Fc = mean peak drag force
d = depth of cut 
w = bit width 
a = front rake angle 
2 6 = point angle 
t » rock tensile strength 
u = rock compressive strength 
v = rock shear strength 
y = angle of sliding friction 
0 = rock internal friction angle
n = stress distribution factor
(approximately n = 12 - a/5)
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Evans' equation (2.1) assumes tensile breakage, whereas 
Nishimatsu has developed equation (2.2) on the assumption that 
shear failure of rock occurs when cut by a chisel pick. These 
equations yield similar trends and a comparison of results 
indicates which type of failure is likely to dominate in a 
given rock.
The influence of front rake and back clearance angles on 
drag bit forces is shown in Figure 3, (B) and (C). In order
to keep the drag and normal forces as low as possible, the 
preferred rake angle is about 20° and the clearance angle is 
between 5° and 10° (Evans and Pomeroy 1966).
Figure 3 (D) shows the relation between the cutting depth 
and the specific energy. The specific energy becomes lower 
for all shapes of bit as the depth of the cut is increased 
(Evans and Pomeroy 1966). The specific energy is a reliable 
measure of cutting efficiency and is defined as the energy 
required to remove a unit volume of rock. The lower the 
specific energy, the more efficient is the cutting system for 
a given power input into the rock, lower specific energy also 
means higher rates of production.







where: SE = specific energy
A = area of excavated 
L = length of groove 
w = width of bit 
d = depth of cut 
0 = breakout angle 
F c= mean peak drag force 
F'c= mean drag force 
R = mean to mean peak force ratio





2 twsin—  (—  -a) 2 2
Rtan0 [1-sin-i (-̂ --a) ]




Equation (2.6) indicates that, for a given rock and bit 
geometry, the specific energy will decrease as depth of the 
cut increases.
These analyses for specific energy are only applicable to 
a single bit operation in isolation. However, in nearly all 
practical rock cutting situations, several bits are assembled 
together on a cutting drum or face plate. In such cases, 
individual bits no longer operate in isolation and interaction 
between cutting paths created by adjacent bits begins to 
occur. This interaction effect has a major impact on bit 
cutting performance and consequently, determining the most 
efficient spacing emerges as an important issue in selecting 
the bit placement pattern on a cutting machine. An 
appropriate bit spacing improves the efficiency of cutting 
operation and also reduces the bit costs.
2.4 Bit Spacing
A typical relationship between the specific energy and 
bit spacing is shown in Figure 3 (E) as a function of cut
spacing to depth ratio. The specific energy reaches a minimum 
at a certain s/d value for each cutting depth and becomes 
constant at larger s/d values. This means the most efficient 
cutting operation is accomplished by exploiting the relief 
provided by the adjacent and previously cut groove which
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located at an appropriate distance. Such interaction between 
adjacent bits is likely to occur when the side-cracks produced 
by each bit meet or overlap. From the geometry shown in 
Figure 4, the interaction will begin to occur when:
4  < 2tan0 (2.7)
where: s = bit spacing
d = cutting, depth 
0 = breakout angle
and the optimum spacing of bits can be determined as follows
0 < s < 2d tan0 (2.8)
For the optimum bit spacing , the following equations 
were derived by Evans.
(a) Chisel pick spacing (Evans 1972)
S = -O' [1 + (1 + -20) "2] (2.9)2 K 2
(b) Conical pick spacing (Evans 1984a)
s = 2dy/J (2.10)
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where: s = bit spacing
w = bit width 
d = depth of cut 
K = w/d
The spacing values calculated by these equations show fairly 
good agreement with measured data (Roxborough 1985).
In general, the optimum spacing is approximately a half 
of the spacing that interaction begins, and the spacing 
between bits should be 2 to 4 times the intended depth of cut. 
A spacing less than twice the cutting depth is usually applied 
if the rock exhibits plastic behavior and larger spacing as 
much as four times of penetration is preferable for a brittle 
rock (Evans and Pomeroy 1966, Ozdemir 1988).
2.5 Bit Speed
Bit speed within practical ranges up to 16 ft/sec 
(5 m/sec) has no discernible effect on bit forces and cutting 
energy (Hood 1989). However, even in this ranges, especially 
in hard and abrasive rock, bits can be worn faster at higher 
speed due to thermal stresses rather than mechanical stresses 
(Hurt and MacAndrew 1985) and lose their original shapes at 
early stage of cutting. This results in increased bit 
consumption and higher excavation costs. Therefore, slow 
cutting is preferable. For a given available power, greater 
production will be achieved by cutting slowly and deeply than 
at a faster and proportionately more shallow depth.
0 •  breakout angle 
w -  pick width
pick 1
w w
Figure 4. Drag Bit Interaction 
Source: Roxborough 1973
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2.6 Bit Layout 
Cutting bits are generally assembled in an array on the 
peripheral surface of the rotating drum or cutting head of a 
mechanical mining machine. There are several important 
factors for the layout of these bits in order to utilize their 
maximum cutting efficiency in the system.
The cutting sequence should be designed to minimize the 
required energy. The first bit in the array may work as a 
single bit in isolation and the cutting forces for the first 
bit will be higher than those for following bits. For the 
rotating drum, both ends of the drum are considered to be 
preferable location of the first bit, so as to exploit the 
free face provided by previous cutting operation. Then, 
succeeding bits should be located sequentially at optimum 
spacing out from the preceding bits and staggered at least the 
same distance as spacing behind them in order to utilize fully 
the relief generated by the preceding bits (Roxborough 1973).
The balance of torque on the rotating drum or cutting 
head is also essential. The drum or cutting head should, 
therefore, have at least two symmetrical cutting sequences.
The next aspect is to provide for adequate clearance of 
spoil from the cutting area in order to avoid the regrinding 
of the cuttings. It has been shown quite emphatically in 
practice that power losses in the regrinding can be greater
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than the power required actually to cut the rock and any 
advantages in improving rates of advance from efficient 
cutting system design can be totally lost due to poor 
clearance (Pomeroy and Brown 1968). An appropriate collecting 
and discharging system for the cuttings is also indispensable 
for immediate removal of the cuttings.
The direction of drum rotation is another important 
factor in the design of the cutting system. Figure 5 shows a 
schematic view of two opposite directions of rotation. The 
surface mechanical mining machines currently available on the 
market uses either direction of rotation depending on their 
design concepts.
According to Ozdemir (1988), the main advantage of the 
down-cutting rotation illustrated in Figure 5 (a) is the
reduced requirement of crawling force in the machine. The 
cutting drum may generate some crawling force by its own 
rotation. However, a close examination shows some drawbacks 
in its operation. Higher shock loads tend to be imposed on 
the cutting bits because the bits enter the rock at nearly 
fuli depth of penetration. These frequent high shock loads 
accelerate the bit wear caused by mechanical stresses, and 
this bit wear decreases the cutting efficiency of the machine. 
Also, in order to counteract the down-digging forces on the 
drum, a heavy weight is required for the machine. Another
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factor is the need for an elaborate muck pick-up system. In 
this down-cutting rotation, the cuttings can not be removed by 
the buckets mounted on the drum; therefore, some scraper-type 
collection system needs to be installed immediately behind the 
drum.
For the up-cutting rotation shown in Figure 5 (b) , the 
above mentioned advantages and disadvantages for the down- 
cutting operation become the drawbacks and benefits 
respectively. It requires higher crawling force to push the 
drum into the rock face. However, the shock loads on bits are 
reduced because the bits enter the rock on a tangent and 
gradually penetrate deeper as the drum rotates. The lower 
shock loads improve the bit life and keep the optimum cutting 
efficiency for a longer period. In addition, the cuttings 
removal can be accomplished by a series of buckets mounted 
inside the rotating drum simultaneously with the cutting 
operation.
In general, the down-cutting operation is applied to the 
excavation of relatively soft rock and the up-cutting rotation 
is used for both softer and harder rocks. For gypsum 
excavation, either rotation would be fulfill the needs. 
However, harder materials, such as anhydrite and dolomite, 
often existing with gypsum will cause higher shock loads on 
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Figure 5. Directions of Cutting Drum Rotation 
Source: Ozdemir 1988
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consumption. Therefore, up-cutting rotation would be 
favorable for the development of gypsum ore body.
2.7 Performance Parameters 
The performance of bits operating both individually and 
in arrays can be obtained from the following parameters.
(a) Drag force: an in-line of cutting force.
(b) Normal force: a force tending to push the bit out of 
the rock.
(c) Side force: a lateral force tending to move the bit 
sideways.
(d) Specific energy: the amount of energy to remove a 
unit volume of rock.
Among these parameters, the drag force and specific 
energy in individual bit operation can be estimated with the 
physical properties, such as compressive and tensile strength 
of the cutting rock. However, practical cutting operations 
are usually performed with an array of bits, and in such 
situations, theoretical methods have not been established to 
derive the appropriate cutting parameters. Currently, linear 
cutting tests with actual cutting bits are, therefore, 




Deep, slow and widely spaced cutting without leaving any 
unbroken material between the cutting passes has been found to 
provide the best cutting performance for rock excavation with 
drag bits (Roxborough 1985). Following this concept, the 
performance of the cutting system as well as the required 
capacity of the mining machine can be predicted with the data
obtained by the linear cutting tests.
For a certain bit, the maximum endurable bit penetration 
and allowable range of the cutting speed in a given rock can 
be derived by analyzing the drag, normal and side forces
measured on the bit in view of the mechanical strength of the
bit. Then, the critical bit spacing in an array can be 
determined by examining the trends of specific energy under 
the optimum cutting depth and speed. The optimum spacing is 
found where the minimum specific energy is attained. The 
cutting head should be designed to achieve the optimum cutting 
depth, speed and spacing with the consideration given to force 
balance. Once the cutting head design is completed, required 
capabilities of the mining machine can be calculated. The 
specifications include cutting head rotation rate, machine 






A series of laboratory tests were conducted at the rock 
fragmentation laboratories of the Excavation Engineering and 
Earth Mechanics Institute (EMI) in order to analyze and 
evaluate the factors influencing the cuttability of gypsum. 
These tests included a suite of physical property measurements 
and a set of linear cutting tests with drag bits. The 
physical properties determined were density, uniaxial 
compressive strength, brazilian tensile strength, acoustic 
velocities and dynamic elastic constants. Cerchar abrasion 
tests were also performed.
Linear cutting is a laboratory developed test procedure 
which has been successfully used over the last 15 years to 
predict the field performance of mechanical excavators. The 
test results obtained from linear cutting have been checked 
with actual field data on numerous occasions and an excellent 
agreement has been found to exist between the laboratory and 
field data. This is due to the fact that nearly all field 
conditions in terms of bit load, spacing, penetration, cutting 
velocity, attack angle, etc. are duplicated in the laboratory 
using the same type of cutting tool as used on the excavation
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machinery. Thus, all laboratory linear cutting tests are 
performed under full-scale conditions.
Several samples of gypsum ore and overburden rock in 
various sizes were obtained at the open pit mine site of 
Eagle-Gypsum Products Inc. in Gypsum, Colorado. Attention was 
paid to selecting a representative sample of different grade 
gypsum formations present at the site. For the overburden 
material, care was given to recovering samples that are 
relatively intact and free of weathering. The samples were 
then shipped to the laboratory and stored in a dry environment 
to avoid sample degradation and potential loss of strength.
3.2 Physical Property Tests
3.2.1 Sample Preparation
NX-size cores were taken from two gypsum and one dolomite 
rock samples. The coring locations were selected to provide 
samples as free of fracturing and weathering as possible. For 
gypsum samples, it was also intended to retrieve cores in 
different orientation with respect to lamination. However, a 
close inspection revealed no specific direction of lamination 
in any of the samples which were collected at the mine site. 
As a result, the core samples did not exhibit any preferred 
orientation of lamination to core axis.
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For the compressive strength tests, the cores were cut to 
a length of twice the diameter using a dual-blade circular 
saw. The cores were then placed on a surface grinder and the 
ends were ground flat to within 0.001 in. of parallel, in
accordance with standard of American Society for Testing
Materials (ASTM). For the tensile strength measurement, the
cores were cut to a length of about one half of the diameter.
Following preparation, all samples were placed in plastic 
bags to prevent any potential sample degradation.
3.2.2 Test Procedures
The equipment used for density measurements included a 
dial caliper and a balance accurate to 0.001 grams. After 
grinding, the length and diameter of each core was measured 
along with sample weight. The bulk density was then 
calculated as follows:
d = “ tJ t  (3-1)tzD 2 L
Where: d * sample bulk density (gm/cm3)
W = sample weight (gm)
D = core diameter (cm)
L = core length (cm)
Prior to testing of core samples for uniaxial compressive
strength, acoustic velocity measurements were performed to
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determine the compression (P) and shear (S) wave velocities in 
the axial direction. The equipment utilized for this 
measurement included a pulse-generator, a timer, an 
oscilloscope and two piezoelectric transducers. Also, a desk­
top computer was connected into the circuit to provide more 
accurate measurements of pulse travel time through the sample. 
During velocity measurements, the sample was placed in a 
specially built cradle. The piezoelectric transducers were 
bonded to the ends of the specimen and a pulse transmitted 
through the sample. The incident and transmitted waves were 
then displayed on the oscilloscope. The travel times for the 
P and S-waves were also monitored and recorded by the computer 
system. Using these travel times, the P and S-wave velocities 








Where: Vp = compression (P) wave velocity (ft/sec)
Vs = shear (S) wave velocity (ft/sec)
L = core length (ft)
Tp = travel time for the compression wave (sec)
Ts = travel time for the shear wave (sec)
Once the P and S-wave velocities were determined, the
dynamic elastic constants, these are the modulus and the
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E = Vs2dy. \ VSI
m 2-iVs
1 \ Vsv = — x ' '
2 ' - i f -
Where: E = dynamic modulus of elasticity (psi)
v = dynamic Poisson's ratio (dimensionless) 
g = acceleration of gravity (in/sec2) 
d = bulk density (lbs/in3)
Following the determination of acoustic velocities, the 
compressive strength tests were performed on a one-million 
pound capacity stiff-testing machine. The sample was loaded 
to failure and the load at failure was recorded. The 
compressive strength of the sample was then calculated as 
follows:
ucs = 4 F 
n D 2
(3.4)
Where: UCS = uniaxial compressive strength (psi)
F = failure load (lbs)
D - core diameter (in)
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The failed samples were saved in plastic bags for later 
analysis as the specific mode of failure under compression.
Brazilian tensile strength measurements were performed 
using a 250,000 pound capacity testing frame. During testing, 
cardboard spacers were installed between the machine load 
platens and the sample to provide more uniform loading. The 
sample was then loaded to failure and the tensile strength was 
calculated using the following equation:
Where: T = tensile strength (psi)
F = failure load (lbs)
D = core diameter (in) 
t = thickness of the core (in)
Cerchar abrasion tests were conducted following the 
brazilian test. In this test, a sharp conical steel stylus 
was passed over the surface of the rock specimen under a 
normal load of 7 kgf for a distance of 10 mm. The 
abrasiveness of the rock was determined by the flat which was 
worn on the stylus and measured accurately under a microscope. 
The measure of abrasiveness is the diameter, 10‘4 m, of the 
wear flat. For example, the value 4 represents a diameter of 
0.4 mm.
As noted before, all core preparation, testing and data
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analysis were performed in accordance with established ASTM 
standards for rock property determinations.
3.2.3 Results
The tests results are listed in Tables 1, 2 and 3 for
gypsum samples A, B and dolomite sample C, respectively. For 
gypsum sample A, the physical properties were found very 
consistent, showing the homogeneity of this particular sample. 
The measurement indicated that this sample had an average 
uniaxial compressive strength of 2,683 psi and brazilian 
tensile strength of 293 psi.
Sample B showed more variation in strength measurements. 
The average uniaxial compressive strength was 4,800 psi, 
considerably higher than sample A, due to the value of 
6,900 psi measured in core B-2. The core B-2 appeared 
extremely solid, free of any fractures and exhibited 
indications of recrystalization. The observation of the 
failed core also showed an abrupt and explosive-like failure. 
These were indicators of its higher strength and brittleness. 
Excluding core B-2, the average compressive strength for 
sample B comes to 3,750 psi, which is believed to more closely 
represent the strength of this gypsum sample. The average 
tensile strength is 562 psi.
Sample C was overburden material consisting primarily of
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Table 1. Results of Physical Property Tests
(Sample A)




Core No. A-l A-4 A-5 Average
Density (g/cm3) 2.28 2.28 2.28 2.28
Uniax. Comp. Str. (psi) 2,420 2,790 2,840 2,683
Braz. Tens. Str. (psi) 247 301 330 293
Acoustic Velocities
P-wave (ft/sec) 15,320 15,340 15,320 15,327
S-wave (ft/sec) 7,790 7,800 7,795 7, 795
Dynamic Elastic Properties
Young's Mod. (psi) 4.96E+06 4.96E+06 4. 96E+06 4.96E+06
Poisson's Ratio 0.33 0.33 0.33 0.33
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Table 2. Results of Physical Property Tests
(Sample B)




Core No. B-l B-2 B-3 Average
Density (g/cm3) 2 .27 2.22 2.15 2.21
Uniax. Comp. Str. (psi) 3,890 6,900 3,610 4,800
Braz. Tens. Str. (psi) 735 460 490 562
Acoustic Velocities
P-wave (ft/sec) 14,910 14,370 15,160 14,813
S-wave (ft/sec) 7, 050 7,190 6,980 7, 073
Dynamic Elastic Properties
Young's Mod. (psi) 4.37E+06 4.12E+06 4.25E+06 4.25E+06
Poisson's Ratio 0.33 0. 33 0. 32 0.33
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Table 3. Results of Physical Property Tests
(Sample C)




Core No. C-l C-2 C-3 Average
Density (g/cm3) 2 .23 2.15 2.22 2.20
Uniax. Comp. Str. (psi) 3,850 2,430 3,470 3 ,250
Braz. Tens. Str. (psi) 535 764 798 699
Acoustic Velocities
P-wave (ft/sec) 14,100 15,390 12,740 14,077
S-wave (ft/sec) 6,780 6,860 6,660 6,767
Dynamic Elastic Properties
Young's Mod. (psi) 3.55E+06 3.67E+06 3.47E+06 3.56E+06
Poisson's Ratio 0.32 0.34 0.31 0.32
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dolomite. Testing was considered necessary to assess the 
strength and hardness of the overburden to determine its 
suitability to excavation by a continuous miner. The results 
indicated that the dolomite tested is much softer than 
originally expected with its strength falling in the range of 
strengths encountered with the gypsum samples. The average 
compressive and tensile strength were 3,250 psi and 699 psi 
respectively.
In addition, for all samples, the results of Cerchar 
indirect wear measurements showed very little or almost 
negligible abrasiveness.
Generally, materials having a compressive strength of up 
to 80 MPa (11,600 psi) and no abrasivity can be excavated 
economically with drag bits. The physical property tests 
showed that the compressive strengths of gypsum and dolomite 
samples were obviously within this limit. Therefore, with 
properly designed mechanical mining machines, this gypsum and 
dolomite can be mined successfully and economically.
3.3 Linear Cutting Tests
3.3.1 Test Equipment Description
The linear cutting machine basically incorporates a large 
reaction frame onto which a cutting tool is rigidly mounted.
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The rock sample is cast in concrete within a structural frame 
and traversed under the bit using a servo-controlled hydraulic 
actuator. Figure 6 shows an overall view of the linear 
cutting machine. Owing to servo-control, the cutting speed 
can be controlled precisely within the range of speeds which 
the machine is capable of generating. This speed range covers 
most of the bit speeds employed on typical excavating 
machinery. The rock box is installed on a structural steel 
bed attached to a pair of guide rails through teflon-coated 
friction bearings. Two side-actuators are used to translate 
the box sideways to set indexing of cuts. Cut penetration is 
set by inserting a metal spacer between the main reaction 
cross frame and the bit holder block. Hence, the machine 
permits setting of any spacing or penetration of cuts to 
simulate field operational parameters. The important 
capabilities of the linear cutting machine are as follows:
1) the ability to install and test any commercially 
available field cutting tools,
2) capacity to exert high cutting loads, well above those 
recommended by bit manufacturers,
3) simulate the operational stiffness of field excavators 
and bits,
4) operate in either constant penetration or constant 
load mode of testing,
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Figure 6. Linear Cutting Machine
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5) generate full range of cutter speeds similar to those 
encountered on field cutting machines,
6) impose lateral confining pressures to reproduce in- 
situ rock confinement,
7) set any desired spacing or penetration of cut,
8) permit testing of skewed or angled cutters,
9) sophisticated data acquisition and analysis system to 
allow quick evaluation of test data.
The loads experienced by the cutting tool during testing 
are monitored and measured by a triaxial load cell. As shown 
in Figure 7, the load cell resolves the resultant bit force 
into its three mutually perpendicular components, normal, drag 
and side forces. The load cell was machined out of high 
strength aluminum and contains four square posts. Each post 
has a set of strain gages configured into a full Wheatstone 
bridge. The gages feature high dynamic response and excellent 
load measuring capability. The gages and all associated
wiring are fully protected against water and other detrimental 
contaminants.
An overall schematic of the linear cutter data 
acquisition and analysis system is shown in Figure 8. Power 
to the bridge circuits are supplied by signal conditioners 
featuring self-balancing, isolated power supplies with built 
in amplifier circuits. The signal conditioners provide the
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Figure 7. Load Cell
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Figure 8. Linear Cutter Data Acquisition
and Analysis System
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excitation voltage to the bridge circuits and amplify the 
output signal to the appropriate level required for the data 
acquisition system. The load cell in conjunction with the 
signal conditioner system is designed to provide a full range 
of bridge sensitivities with an excellent balance between load 
measurement sensitivity and the inherent circuit noise levels. 
Following amplification, the bridge outputs were sent directly 
to the analog to digital converters (ADC) . The ADC is 
programmed to sample the incoming signals at a rate of 1000 
data points per second, a rate which can be changed through 
program control by the computer. The digitized load data are 
subsequently fed into the VAX computer system for storage and 
later processing.
Once a test is completed, all stored data and test 
information are analyzed and evaluated by the computer to 
produce test summaries including average and peak cutting 
forces, cutting coefficient, specific energy and ratios of 
peak to average forces.
3.3.2 Sample Preparation
Several large blocks of gypsum and overburden dolomite 
were collected at the mine site of Eagle-Gypsum Products Inc. 
in Gypsum, Colorado, and shipped to EMI laboratories. Two 
gypsum and one overburden dolomite samples were selected for
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testing; however, the sample which had been considered 
dolomite turned out to be low grade gypsum during the actual 
cutting test. These samples were then shaped to required 
dimensions and cast in concrete within the linear cutter rock 
holder boxes. The samples were allowed to cure for about a 
week before testing commenced.
As with physical property tests, a major goal in linear 
cutting experiments was to study the effect of lamination on 
cuttability performance and chip size. Since gypsum exhibits 
a woody structure, it was believed that existing anisotropic 
behavior would contribute to different cutting characteristics 
depending on bit penetration with respect to bedding 
orientation. However, as mentioned above, no specific 
direction of lamination could be identified from close 
inspection of rock texture. Lamination appeared highly random 
without any preferred orientation. This was also evident 
during cutting tests where no preferential direction of crack 
formation or chipping could be observed.
3.3.3 Test Procedure
Two types of bits, a GE Carboloy Conical Pick (pencil- 
point shape) and a Sandvik Plow Bit (v-front and v-bottom 
shape), were selected for testing. These are shown in 
Figure 9. The conical pick was tested in both gypsum and low
T-3921 45
LUCO
Figure 9. Tested Bits
Left: Sandvik Plow Bit
Right: GE Carboloy Conical Pick
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grade overburden gypsum samples. The plow bit was tested in 
the gypsum sample only. These bits, both feature a tungsten- 
carbide cutting tip, are of the type typically used on 
continuous mining machines for surface and underground mines. 
The purpose of testing two different geometry bits was to 
compare and examine their relative cutting efficiency in 
gypsum.
All testing was conducted using a constant penetration 
mode of testing. This means the bit penetration into the rock 
was held constant during each cut and the bit forces required 
to maintain this penetration was measured and recorded. This 
mode of testing simulates the operation of bits mounted on 
field machinery.
Prior to acquiring actual test data, the rock sample was 
conditioned by taking a several cuts over the rock surface 
with the bit. The purpose of conditioning was to create a 
cutting face similar to that found in the field where the bits 
always work on a pre-damaged surface.
After surface conditioning, actual testing and data 
acquisition were initiated. Each test consisted of a series 
of passes over the rock surface with the bit and each pass 
contained several cuts depending on sample width and the 
spacing of adjacent cuts. An schematic view of the passes and 





Figure 10. Testing Pass and cut 
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and penetration continued until it was ensured that the data 
collected represented steady-state cutting conditions. At 
that time, the rock surface was again reconditioned and a new 
test started. Combinations of the penetration and spacing 
tested for each bit were 0.5 and 2, 0.5 and 4, 0.7 5 and 2, and 
1 and 4 in inches.
All cuttings generated from testing were saved in plastic 
bags for size distribution analysis. The cuttings were later 
screened on a Rotap machine and the resultant size 
distribution data were analyzed.
Following the completion of each test, the bit was 
examined visually for any abrasive wear or structural failure. 
Also, the data recorded by the computer system were analyzed 
and a summary table showing all test results was generated.
The rock surface was continually mapped after each pass 
to document any unusual features, as well as to record the 
general direction of lamination. As noted before, however, 
the lamination did not appear to have any specific orientation 
in any of the three samples tested on the linear cutter.
3.3.4 Test Results
Tables 4 and 5 summarize the results of the linear 
cutting tests performed in the two gypsum samples with the 
conical and plow bits. The results for the overburden low
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grade gypsum sample with the conical pick are listed in 
Table 6. Shown in (a) of these tables are the test parameters 
(i.e. cut spacing and penetration) and measured data, such as 
mean peak bit forces (normal, drag and side), mean average bit 
forces, mean peak to mean average force ratio, normal to drag 
force ratio in mean average forces, specific energy and 
cutting speed. These measured data represent the average 
values of all cuts at each pass (cut and pass are illustrated 
in Figure 10) . Also, summary values at each test parameter 
are listed in (b) of the Tables. In addition, relationships 
among bit forces, penetration and bit spacing of each sample 
are presented graphically in Figures 11, 12 and 13. Effects 
of. bit spacing on specific energy are illustrated in 
Figure 14.
Tests were conducted at different bit penetration and 
spacing. The objective was to develop as much test data as 
possible, so as to allow an accurate assessment of penetration 
and spacing effects on the cuttability of gypsum. Thus, each 
rock samples was consumed with the goal of extracting the 
maximum amount of information from the available sample 
volume.
As stated previously, the cuttings produced during 
testing were collected and a series of sieve analyses was 
performed to determine product size distributions. Table 7
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Cut Spacing (in) 2 . 00 2 . 00 2 . 00 4 . 00 4 . 00 4 . 00
Cut Penetration (in) 0.50 0. 50 0.75 0. 50 0. 50 1. 00
Mean Peak Forces 
Normal (lbs) 4,637 4, 618 5, 366 6,958 6,702 7,829
Drag (lbs) 2,867 2,762 3,563 4,755 4,626 6, 485
Side (lbs) 1,443 1,401 1,883 1,706 1, 397 2 , 580
Mean Average Forces 
Normal (lbs) 1, 883 1,787 2,282 3 , 520 3,502 4, 121
Drag (lbs) 1,226 1, 135 1, 533 2 , 561 2 , 394 2 ,912
Side (lbs) 370 334 565 304 155 504
Peak/Average Force Ratio 
Normal 2.46 2.58 2.35 1.98 1.91 1. 90
Drag 2.34 2.43 2.32 1.86 1.93 2.23
Side 3.90 4.19 3.33 5.61 9.01 5.12
Normal/Drag Force R. 1.54 1.57 1.49 1.37 1.46 1.42
SE (hp-hr/yd3) 2.40 2.20 2 . 00 2.50 2 .30 1.80




(b) Average at each penetration and spacing
Rock Type Gypsum
Bit Type Conical
Cut Spacing (in) 2 . 00 2 . 00 4. 00 4 . 00
Cut Penetration (in) 0.50 0.75 0.50 1. 00
Mean Peak Forces 
Normal (lbs) 4, 628 5, 366 6,830 7,829
Drag (lbs) 2,815 3,563 4,691 6,485
Side (lbs) 1,422 1,883 1,552 2,580
Mean Average Forces 
Normal (lbs) 1,835 2,282 3,511 4,121
Drag (lbs) 1,181 1, 533 2,478 2,912
Side (lbs) 352 565 230 504
Peak/Average Force Ratio 
Normal 2.52 2.35 1.95 1.90
Drag 2 . 38 2.32 1.89 2.23
Side 4.04 3.33 6.76 5.12
Normal/Drag Force R. 1.55 1.49 1.42 1.42
SE (hp-hr/yd3) 2.30 2.00 2.40 1.80
Cut Speed (in/sec) 9.00 9.10 9. 00 —
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Cut Spacing (in) 2 . 00 2.00 2 . 00 2 . 00 2 . 00 2 . 00
Cut Penetration (in) 0.50 0. 50 0. 50 0. 50 0.75 0 .75
Mean Peak Forces 
Normal (lbs) 2,802 3,099 2,832 2,499 3 , 366 3 , 591
Drag (lbs) 3,501 3,955 3, 364 3 , 372 5, 017 4 , 651
Side (lbs) 1,182 1,051 1,213 954 1, 607 1,711
Mean Average Forces 
Normal (lbs) 848 905 784 882 1, 154 1,218
Drag (lbs) 1, 082 1,157 960 1,114 1, 562 1, 595
Side (lbs) 195 176 144 190 394 361
Peak/Average Force Ratio 
Normal 3.30 3.42 3 . 61 2.83 2 . 92 2.95
Drag 3.24 3.42 3.50 3 . 03 3.21 2 . 92
Side 6.06 5.97 8.42 5.02 4 . 08 4 . 74
Normal/Drag Force R. 0.78 0.78 0.82 0.79 0.74 0.76
SE (hp-hr/yd3) 2.10 2.30 1.90 2.20 2 . 00 2 .10







Cut Spacing (in) 4 . 00 4 . 00 4 . 00 4 . 00
Cut Penetration (in) 0.50 0.50 0.50 1. 00
Mean Peak Forces 
Normal (lbs) 5, 532 6, 931 6,011 9, 121
Drag (lbs) 8,273 8, 381 8,186 14,171
Side (lbs) 1, 689 1,808 1,561 3,596
Mean Average Forces 
Normal (lbs) 2,120 2 , 512 2,484 2 , 654
Drag (lbs) 3, 088 3, 558 3,619 4, 229
Side (lbs) 237 129 326 972
Peak/Average Force Ratio 
Normal 2.61 2.76 2.42 3.44
Drag 2.68 2.36 2.26 3.35
Side 7.13 14.02 4.79 3 .70
Normal/Drag Force R. 0.69 0.71 0.69 0. 63
SE (hp-hr/yd3) 3.00 3.50 3.50 2 .10




(b) Average at each penetration and spacing
Rock type Gypsum
Bit Type Plow
Cut Spacing (in) 2.00 2.00 4 . 00 4.00
Cut Penetration (in) 0.50 0.75 0.50 1.00
Mean Peak Forces 
Normal (lbs) 2,808 3,479 6,158 9,121
Drag (lbs) 3,548 4,834 8,280 14,171
Side (lbs) 1,100 1,659 1,686 3,596
Mean Average Forces 
Normal (lbs) 855 1,186 2,372 2, 654
Drag (lbs) 1,078 1,579 3,422 4,229
Side (lbs) 176 378 231 972
Peak/Average Force Ratio 
Normal 3.29 2.93 2.60 3.44
Drag 3.29 3.06 2.42 3.35
Side 6.24 4.39 7.31 3.70
Normal/Drag Force R. 0.79 0.75 0.69 0. 63
SE (hp-hr/yd3) 2.13 2.05 3.33 2.10
Cut Speed (in/sec) 10.60 10.60 10.60 10.50
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Table 6. Results of Linear Cutting Tests (Sample 3)
(a) Measured Data
Rock Type OB Gypsum
Bit Type Conical
Cut Spacing (in) 2 . 00 2 . 00 2 . 00 2 . 00 4 . 00 4 . 00
Cut Penetration (in) 0. 50 0. 50 0. 50 0.75 0. 50 0 . 50
Mean Peak Forces 
Normal (lbs) 6,547 6, 506 7,747 10,662 14,069 13,052
Drag (lbs) 3,416 3,454 3,403 5,853 7,631 7 ,363
Side (lbs) 2,075 1,594 2,070 4,146 4, 370 3,869
Mean Average Forces 
Normal (lbs) 2 , 692 2 ,115 2,807 4,779 7,341 6, 027
Drag (lbs) 1,139 895 883 2 , 220 3 , 687 3 , 143
Side (lbs) 412 372 388 1, 287 667 936
Peak/Average Force Ratio 
Normal 2.43 3.08 2.76 2.23 1.92 2 . 17
Drag 3.00 3.86 3.85 2.64 2.07 2 . 34
Side 5.04 4.28 5.34 3.22 6.55 4 . 13
Normal/Drag Force R. 2.36 2.36 3 .18 2.15 1.99 1.92
SE (hp-hr/yd3) 2.20 1.80 1.70 2.90 3 . 60 3 . 10




Rock Type OB Gypsum
Bit Type Conical
Cut Spacing (in) 4.00













Normal/Drag Force R. 1.84
SE (hp-hr/yd3) 2.40









Cut Spacing (in) 2.00 2.00 4.00 4. 00
Cut Penetration (in) 0.50 0.75 0.50 1. 00
Mean Peak Forces 
Normal (lbs) 6,933 10,662 13,561 17,205
Drag (lbs) 3,424 5,853 7,497 11,199
Side (lbs) 1,913 4, 146 4,120 8,553
Mean Average Forces 
Normal (lbs) 2,538 4,779 6,684 8,905
Drag (lbs) 972 2,220 3,415 4,837
Side (lbs) 391 1, 287 802 2, 377
Peak/Average Force Ratio 
Normal 2.73 2.23 2.03 1.93
Drag 3.52 2.64 2.20 2.32
Side 4.90 3.22 5.14 3.60
Normal/Drag Force R. 2.61 2.15 1.96 1.84
SE (hp-hr/yd3) 1.90 2.90 3.35 2.40
Cut Speed (in/sec) 10.30 10.60 10.20 10.20
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0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
Penetration (in)
(b) Mean Average Force (Sample 1, Conical Pick) 
10
0.6 0.7 0.8 0.9 1.C
Penetration (in)
Normal, S=2" _^Drag,S=2" _^Side,S=2"
.Normal, S=4" Drag, S=4" Side, S=4"
Figure 11. Bit Forces and Cutting Parameters
(Sample 1, Gypsum)
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0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
Penetration (in)






0.6 0.7 0.8 0.9 1.C
Penetration (in)
Normal, S=2" -*_Drag, S=2" _*_Side, S=2"
Normal, S=4" _+_Drag, S=4" _A_Side,S=4"
Figure 12. Bit Forces and Cutting Parameters
(Sample 2, Gypsum)
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0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
Penetration (in)
(b) Mean Average Force (Sample 3, Conical Pick)






0.4 OS 0.6 0.7 0.8 0.9 1.0 1.1
Penetration (in)
Normal, S=2" _^_Dra&S=2" _*_Side, S=2"
Normal, S=4" Drag, S=4" Side, S=4"
Figure 13. Bit Forces and Cutting Parameters
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Table 7. Product Size Analysis
Depth (in) 0.75
Spacing (in) 2
Sample 1, Gypsum 2, Gypsum 3 , OB Gypsum












+ 1 3827.5 39. 6 7643.1 49.9 7236.5 50.5
-1+0.75 1317.8 53.2 1983 . 2 62.9 1457.9 60. 6
-0.75+0.5 984.2 63.4 1840.1 74.9 1541.9 71.4
-0.5+0.371 498.2 68 . 6 822 .1 80. 3 670.7 76.1
-0.371+0.093 984.4 78.8 1651.8 91.1 1715.8 88 . 0
-0.093+0.0232 577.2 84.7 596.2 95.0 754.9 93 . 3
-0.0232 1474.0 100.0 770.7 100.0 958.9 100.0







Sample 1, Gypsum 2, Gypsum 3 , OB Gypsum












+ 1 8481.8 59.7 12068.6 66.6 9989. 3 66.9
-1+0.75 721.9 64.8 1321.1 73.9 888 . 3 72 .8
-0.75+0.5 860.1 70.9 1208.9 80.5 980. 5 79.4
-0.5+0.371 486.2 74 . 3 615. 3 83.9 507 . 0 82 . 8
-0.371+0.093 1053.7 81.7 1342.9 91.3 1297.1 91.4
-0.093+0.0232 710. 0 86.7 951. 3 96. 6 591.1 95. 4
-0.0232 1888.5 100.0 621.1 100. 0 689.3 100. 0
Total 14202.2 538.1 18129.2 592.8 14942.6 588.6
(C.I.) (C.I.) (C.I.)
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shows the results for six selected tests. Shown in this table 
are the weight distributions and calculated Coarseness Indices 
(C.I.). The C.I. is a sum of cumulative weights in percent 
and a higher C.I. value represents a larger cuttings size.
3.3.4.1 Bit Forces. As shown in the Tables 4 through 6 
and Figures 11 to 13, all three bit forces, normal, drag and 
side, increased in every case with the penetration. A larger 
spacing required higher normal and drag forces; however, the 
increase in side force with spacing was relatively small or 
negligible.
In the gypsum sample, for the conical pick, mean peak 
normal force values ranged from 4,618 to 7,829 lbs. Mean peak 
drag force values were measured from 2,762 to 6,485 lbs and 
Mean peak side force values were from 1,397 to 2,580 lbs. 
Peak to average force ratios of normal, drag and side forces 
were, on average, 2.20, 2.19 and 5.20. In all testing, normal 
forces were higher than drag forces and a 1.4 8 of normal to 
drag force ratio was calculated on average.
For the plow bit, mean peak normal force values ranged 
from 2,499 to 9,121 lbs. Mean peak drag force values 
indicated from 3,364 to 14,171 lbs and mean peak side force 
values were measured from 954 to 3,596 lbs. Peak to average 
force ratios of normal, drag and side forces were 3.03, 3.00
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and 6.39 respectively. Normal forces were always lower than 
drag forces for the plow bit and an average normal to drag 
force ratio was 0.82. This value is considered common for 
sharp bits.
Compared with the conical pick, at a certain penetration 
and spacing, the plow bit usually required a lower peak normal 
force, but the peak drag force was higher. In average forces, 
the same relationship was found, although measured peak to 
average force ratios were high for the plow bit. It should be 
noted that the physical properties of these linear cutting 
test samples were not measured and compared; however, the 
gypsum samples tested with the conical and plow bit were 
collected at the same point and looked very similar. 
Therefore, these samples were considered to be having very 
close physical properties.
Currently, allowable peak load for widely used bits are 
stated to be 20,000 to 30,000 lbs and an up to 10,000 lbs of 
average force is usually accepted in practical use. 
Therefore, both for the conical pick and the plow bit, the 
measured force values up to 1 in. penetration and 4 in. 
spacing are fully within the range of their recommended load 
capacities. Assuming that the increase of the bit forces is 
linear for both penetration and spacing, maximum allowable 
cutting depth and spacing were calculated for this gypsum. An
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average spacing to penetration ratio of 3.5 was used for these 
calculations based on the specific energy analysis discussed 
in the next section. The results show that, for the conical 
pick, up to 2.3 in. depth of penetration can be achieved at a 
spacing of 8 in. At these penetration and spacing values, 
mean peak normal and drag forces are estimated both at
15.000 lbs, and mean average normal and drag forces are
9.000 and 7,000 lbs, respectively. For the plow bit, up to 
1.7 in. of penetration appears feasible at a spacing of 6 in. 
The estimated mean peak normal and drag forces are 17,000 and
27.000 lbs, and mean average normal and drag forces are 5,000 
and 8,000 lbs, respectively. The maximum allowable normal 
force determines the limit of attainable penetration for the 
conical pick while the drag force appears to be the limiting 
factor for the plow bit. It is apparent that the conical pick 
can operate at wider spacings and achieve deeper cuts than the 
plow bit.
In order to evaluate the applicability of Evans' 
equations, theoretical values of drag forces were calculated 
based on the physical property test data for gypsum. The 
predicted forces were then compared with the measured values. 
As mentioned before, the samples used for the physical 
property tests and for the linear cutting tests were 
different. Also, the theoretical values are valid for single
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bit operation and the measured values come from testing at 
0.5 in. penetration and 4 in. spacing, which is considered 
closely represent the single bit operation due to lack of 
interaction between adjacent cuts for each pass of the bit. 
The predicted and the measured bit forces are listed in 
Table 8. For the conical pick, the measured drag forces are 
found within the range of theoretical values, although the 
average values seem to differ considerably. This means that 
the Evans' equation only provides a very rough estimation of 
the conical pick drag forces in gypsum. The measured values 
of the plow bit are closer to the theoretical values for 
conical picks. This is expected since the plow bit features 
pointed cutting edge and its shape (v-front and v-bottom) 
simulates a conical pick more closely than a chisel pick.
In the low grade overburden gypsum, only the conical pick 
was tested. The measured mean peak normal force values ranged 
from 6,506 to 17,2 05 lbs. Mean peak drag force values were 
from 3,4 03 to 11,199 lbs and mean peak side force values were 
found to vary from 1,594 to 8,553 lbs. Peak to average force 
ratios of normal, drag and side forces were, on average, 2.36, 
2.87 and 4.59, respectively. These values were higher than 
those for the ore grade gypsum, meaning the low grade 
overburden gypsum is harder and less homogenous. The normal 
forces were always higher than drag forces.
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Chisel Conical Conical Plow
Maximum 1,148 3,490 2,561 3, 619
Minimum 386 634 2, 394 3 , 088
Average 667 1, 391 2,478 3 , 422
Note: Theoretical values are calculated with 
Evans' equation applying all physical 
properties tests data for the gypsum.
Measured data are mean average force values 
at 0.5 in. penetration and 4 in. spacing.
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As with the ore grade gypsum, these measured values in 
the low grade overburden gypsum are within the design 
capacities of currently available bits. The results indicate 
that a maximum bit penetration of 1.2 in. can be achieved at 
a spacing of 4 in. without exceeding the recommended load 
carrying capacity of the bit. Under this cutting situation, 
mean peak normal and drag forces are estimated at 19,000 and
13,000 lbs, and the expected mean average normal and drag 
forces are about 10,000 and 5,000 lbs, respectively. In 
comparison to the ore grade gypsum, the achievable depth of 
penetration at a given bit load in overburden gypsum is 
reduced by about 50%.
3.3.4.2 Specific Energy. The measured specific energy 
values are listed in Tables 4 through 6. In the gypsum, the 
average specific energy with the conical pick (Table 4(b)) 
reaches a minimum of 1.8 units at 1 in. penetration and 4 in. 
spacing. With the plow bit (Table 5(b)), the lowest specific 
energy at the same penetration and spacing is 2.1 units. In 
the low grade overburden gypsum (Table 6(b)), the lowest 
specific energy occurs at 0.5 in. penetration and 2 in. 
spacing. Overall, the specific energy is found to reach a 
minimum at a spacing to penetration ratio of 4. This is 
consistent with previous cutting tests performed in rock
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formations similar to gypsum.
Figure 14 presents graphically the relationship between 
the specific energy and spacing to penetration ratio. A 
dashed line, showing the trend at a cutting depth of 0.5 in., 
was drawn for each sample based on the known fact that (1) the 
specific energy decreases with the depth of cut increases, (2) 
the interaction of adjacent bits usually begins about the 
twice the optimum spacing, and (3) the optimum spacing to 
penetration ratio is almost constant in a given rock. 
Although the minimum specific energy was measured at a spacing 
to penetration ratio of 4, the line shows that the optimum 
ratio could occur between 3 and 4 for both the conical pick 
and the plow bit. This suggests that the maximum cutting 
efficiency in the gypsum as well as the low grade gypsum is 
likely to be achieved when the spacing between adjacent bits 
in the array is 3 to 4 times the intended penetration. The 
breakout angle of the samples can be calculated from 72° to 
76° based on the optimum spacing to penetration ratio. These 
results are in good agreement with the values which have been 
measured in other types of rock, such as coal, sandstone and 
limestone.
The minimum specific energy found in the derived curve is 
approximately 2.0 hp-hr/yd3 in every sample. As noted above, 
this curve was drawn for 0.5 in. penetration and the minimum
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specific energy for deeper penetrations will be lower to some 
extent.
3.3.4 . 3 Cutting Speed. All linear cutting tests were 
performed at a fixed cutting speed of 10 in/sec. As stated 
before, cutting speed has no discernible effect on bit forces 
and cutting energy in practical speed ranges up to 16 ft/sec, 
but affects bit wear especially in hard, abrasive rock. 
Gypsum is soft and not abrasive. In fact, bit wear was not 
measurable during all cases of the testing. Therefore, the 
influence of bit speed is considered negligible for excavating 
the gypsum in the practical speed ranges.
3.3.4.4 Product Size. As shown in Table 7, as expected, 
the cuttings generated from testing at 1 in. penetration and 
4 in. spacing produced larger Coarseness Indices (C.I.: a sum 
of cumulative weights in percent) than those of 0.75 in. 
penetration and 2 in. spacing. This means that, for a given 
rock, a larger product size is obtained by deeper and more 
widely spaced cuts as bigger chips are produced. On the other 
hand, at the same penetration and spacing, the gypsum cuttings 
resulting from plow bit testing had the largest C.I. value, 
followed by the overburden gypsum with the conical pick. The 
gypsum cuttings by the conical pick showed the minimum C.I.
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value. This suggests that the size distribution of cuttings 
depends not only on the properties of rock but on the type of 
bit as well, with the plow bit producing larger cuttings than 
the conical pick under the same operating conditions.
3.4 Summary
The physical property measurements suggest that the 
gypsum and the overburden dolomite samples tested in the 
laboratory have characteristics highly suitable to mechanical 
excavation. The samples exhibited low compressive and tensile 
strength as well as negligible abrasivity.
As stated earlier, linear cutting tests provide a more 
accurate and reliable assessment of cuttability. The result 
of these tests also confirm the findings and conclusions 
developed from the analysis of the physical property data in 
that the gypsum and the overburden dolomite tested are highly 
conducive to mechanical mining.
In the gypsum, the conical pick can operate in 2.3 in. 
depth of the cut at 8 in. spacing with 9,000 lbs of average 
normal force and 7,000 lbs of average drag force. The plow 
bit can achieve a 1.7 in. depth of penetration at 6 in. cut 
spacing with 5,000 lbs of average normal force and 8,000 lbs 
of average drag force. The conical pick has the capability of 
deeper and more widely spaced operation. In the low grade
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overburden gypsum, the conical pick can achieve a 1.2 in. 
penetration at 4 in. at manufacturers' recommended bit loads. 
The attainable depth of bit penetration in the overburden is 
about half of that achievable in the gypsum.
The maximum cutting efficiency in both the gypsum and the 
overburden is achieved when the spacing between adjacent bits 
is 3 to 4 times the intended depth of penetration. Under 
these conditions, the estimated specific energy is 
approximately 2.0 hp-hr/yd3 for 0.5 in. penetration, and 
should be less for deeper bit penetration.
The product size distribution is determined by the 
properties of rock as well as the type of bit. For a given 
cut spacing and penetration, the plow bit was found to produce 
larger cuttings than the conical pick. With the same bit, 
cuttings size increased with deeper penetration and wider cut 
spacing.
Overall, the findings from the laboratory tests performed 
in this study agree well with the results of previous research 
on other types of rock. Both the conical pick and the plow 
bit are found capable of effectively excavating the gypsum; 
however, the conical pick is considered to be more efficient 
as it can penetrate deeper and be spaced more widely than the 
plow bit. In addition, the conical pick can efficiently 
excavate the overburden material which covers the gypsum ore
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body.
In general, there exist two main concerns regarding the 
economics of excavating gypsum by mechanical miners. First is 
the woody texture of gypsum which may severely hinder machine 
operation depending on the orientation of lamination with 
respect to bit attack angle. The second concern is the 
plasticity which gypsum tends to exhibit when penetrated by a 
mechanical cutting tool. Plasticity causes energy absorption, 
meaning that a portion of the cutting energy transferred into 
the material is lost in the plastic deformation of the 
material prior to failure. This results in not only reduced 
cutting efficiency but also increased bit wear. However, the 
gypsum tested in the laboratory was found to lack the woody 
texture and plasticity observed typically in gypsum. The 






Several types of mechanical mining machines are currently 
used for continuous excavation mainly in coal mines, both 
surface and underground. These are surface drum miner, 
continuous miner and roadheader type machines.
The surface drum miners can be used for the excavation of 
massive or flat lying ore bodies. A cutting drum dressed with 
either conical or plow type bit is mounted directly to the 
bottom or in front of the main machine. Present drum miners 
are capable of achieving up to 3,000 yd3/hr (bank) of 
production. Figure 15 shows an example of the surface drum 
miner.
The continuous miner is also a drum type mining machine. 
The cutting drum is attached to a boom in order to control the 
operating height of the drum. This type of machine is 
generally used in underground mining of regular and flat lying 
ore deposits of relatively uniform thickness. The maximum 
production capacity is approximately 1,000 yd3/hr (bank) in 
coal.
The roadheader has the capability of cutting harder rock. 


































cutting drum, mounted on the top of a tilt and swing boom 
system, providing a more flexible cutting operation. This 
type of machine is, therefore, employed in underground or 
surface excavation of relatively harder ore bodies having 
irregular shape. The maximum production capacity is about 
100 yd3/hr (bank) in coal measure rocks with about 5,000 psi 
of uniaxial compressive strength.
The mechanical miner for a certain gypsum deposit can be 
selected from these types of machines by evaluating the site- 
specific conditions, such as geology, physical properties and 
the mechanical cuttability of the ore body and the waste rock. 
In the U.S., recent production of crude gypsum has been mainly 
from open pit mines. For open pit gypsum mining, the surface 
drum miner is the preferred choice because of its potential to 
provide high rates of production.
4.2 Design Optimization
The design factors for a mechanical miner for gypsum 
depend highly on the site-specific conditions. Therefore, the 
design optimization discussed in this section is an example 
study based on the laboratory test data for the specific 
gypsum samples. In addition, this design optimization is 
intended for the surface drum miner? however, the basic design 
concepts can be applied to other types of machines.
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4.2.1 Bit Tvoe
The linear cutting tests showed that the conical pick is 
suitable for excavation of the gypsum and the dolomite caprock 
of the Eagle-Gypsum Mine. In gypsum, the laboratory tests 
have shown that the conical pick can achieve a 2.3 in. depth 
of penetration at an 8 in. cut spacing with estimated average 
normal and drag forces of 9,000 and 7,000 lbs, respectively. 
The mean peak normal and drag forces for these cutting 
conditions are about 15,000 lbs.
In the low grade overburden gypsum, the conical pick can 
penetrate up to depth of 1.2 in. at a 4 in. spacing. The 
expected average normal and drag forces are 10,000 and 5,000 
lbs, and the mean peak normal and drag forces are 19,000 and
13.000 lbs, respectively. When this combination of 1.2 in. 
penetration and 4 in. spacing is applied for the gypsum, the 
average normal and drag forces are estimated at 4,000 and
3.000 lbs, and the mean peak normal and drag forces are 8,000 
and 7,000 lbs, respectively. These estimated force values are 
fully within the recommended load carrying capabilities of 
currently available conical picks.
4.2.2 Bit Lacing Pattern
Figure 16 shows two examples of bit layout patterns for 




































diameter of the drum were designed at 10 ft and 50 in. , 
respectively. This size of drum will fit on small to middle 
sized surface miners. Figure 16 (a) represents a design for 
the most efficient production in gypsum with an 8 in. bit 
spacing. The required number of bits for this configuration 
is 64. On the other hand, the lacing pattern illustrated in 
Figure 16 (b) is intended for excavating the overburden
material with bits spaced at 4 in.. The gypsum can be mined 
with this drum. A total of 124 bits are required for this 
pattern.
In either design, the up-cutting rotation was adopted in 
order to reduce the shock loads on the bits. The drum has 4 
cutting arrays and the arrays are laced in 90° intervals, so 
as to allow adequate space for the built-in muck removal 
system. In each array, the cutting sequence begins by the 
bits placed at both ends of the drum followed by inner bits to 
exploit the relief generated by the preceding bits.
4.2.3 Operating Parameters
In order to achieve the most efficient operation in 
gypsum and the overburden material, the average bit 
penetration should be kept between a third and a fourth of the 
bit spacing. Using the mean value of 1/3.5, optimum 
penetration values are 2.3 in. for the 8 in. spacing and
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1.2 in. for the 4 in. spacing. As stated before, the bit 
force requirement for these operating conditions are within 
the range of acceptable bit loads.
A schematic view of the cutting sequence is shown in 
Figure 17. Bits A and B are located at the same position in 
different cutting arrays. The bit B, therefore, excavates the 
area between cut A and cut B. Penetration of the bit B is a 
radial distance between these cuts, indicated as (p), and it 
gradually increases as cutting proceeds. Assuming that the 
machine travel speed and the drum rotation are constant, the 
relationship between consecutive cutting passes can be 
expressed in simple circles A and B, as shown in Figure 18. 
The distance between these cutting circles (1) indicates the 
advance between cuts. The excavation of cut B is shown as the 
area bounded by arc BsAe, BsBe and segment AeBe. In polar 
coordinates, cutting circle A with the center at (1, 0) and a 
radius of (a) has the equation of:
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<  C u ttin g  D irec tio n
A
End C u t AEnd C u t B
S t a r t  C u t A
S t a r t  C u t B
d : drum plunge depth 
1 : advance between cuts 
p : penetration




p : penetration 
d : drum plunge depth 
A : cutting circle A 
B : cutting circle B 
Ae: end point of cut A 
Bs: start point of cut B 
Be: end point of cut B 
mn: surface line
Figure 18. Relationship between Consecutive Cutting
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r2 - 2lrcos0 + l2 = a2 (4.1)
And the consecutive cutting circle B with the center at (0, 0) 
and the same radius of (a) is:
r = a (4.2)
The equation for the line Ou, where the segment uv is the 
penetration (p), is:
0 = c (4.3)
The surface line mn is:
- r sin0 = a - d (4.4)
Using the equations (4. 1), (4. 2), (4. 3) and (4. 4), the
penetration can then be obtained:
p = a- ( 1 cos c+Jl2cos2 c+ a2 -12 )(cz z c * cQ)
p = a . i ^ z ± .  \ 
\ - s m c  I
(4.5)
( c2 £ c < cx)
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where: a = radius of cutting circle
p = penetration 
1 = advance between cuts 
d = drum plunge depth 
c = polar angle of line Ou
c0 = polar angle of line OBs
c1 = polar angle of line OAe
c2 = polar angle of line OBe
Thus, the penetration values can be calculated for a given 
drum plunge depth and the advance distance between cuts.
A series of calculations were performed at every angle 
between the start and end points of cut B to obtain the 
penetration values for the drum plunge depth of 5, 10, 15, 2 0 
and 25 in. and the advance from 1.0 to 9.9 in/cut. Then the 
average penetration for each drum plunge depth and the advance 
was calculated. The results are included in Appendix A and 
the cutting conditions required to achieve 2.3 in. and 1.2 in. 
average depth of penetration are listed in Table 9.
Once the required advances between cuts are determined, 
operating parameters of the drum for gypsum excavation can be 
calculated for a given drum rotational speed. The equations 
used for these calculations are as follows:
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Table 9. Cutting Conditions for 
Optimum Penetration
(a) Average Penetration: 2.3 in.












(b) Average Penetration: 1.2 in.
Drum Plunge Depth (in) 25 20 15 10 5





V = A 1 N = 2N 
12 3
(3) Production
Af = --̂ dw (4.8)27
(4) Machine weight
The larger number of:
W
__ ^ F W KV m
2000







The machine weight is the heavier of the weight necessary 
to react to the vertical components of the normal bit 




PT = PR + PA (4.10)
Power for drum rotation
PD =




Power for machine advance
_ 2 ora ) v
A 33000  (4.12)
( Kh Fn n + 20 WR ) V 
33000
The total required power consists of the power for drum 
rotation and the power for machine advance. It should be 
noted that this required power means the necessary output 
excluding any losses in the power transmission system. 
Assuming that the total machine efficiency is 75%, the 
input power is 1.33 times the calculated output power.
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(6) Specific energy
PSE = —  ̂ (4 . 13)
M
where: S = bit speed (ft/sec)
V = advance speed (ft/min)
M = production (yd3/hr)
W = machine weight (tons)
PT= total required output power (hp)
PR= power for drum rotation (hp)
PA= power for machine advance (hp)
SE= specific energy (hp-hr/yd3)
N = drum rotation speed (rpm)
D = diameter of cutting circle (in)
1 = advance between cuts (in/cut) 
d = drum plunge depth (in) 
w = drum width (ft)
Fn= normal bit force (lbs)
Fc= drag bit force (lbs)
Ky= ratio of vertical component of FN 
Kh= ratio of horizontal component of FN 
n = number of working bits 
R = rolling resistance (%)
T = coefficient of traction
For the three cases, gypsum excavation with 8 in. spaced
cutting system, gypsum with 4 in. system and the overburden
material excavation with 4 in. spaced cutting system, the
operating parameters were computed. The practical operating
conditions, consisting of drum plunge depths of 25, 20, 15, 10
and 5 in. and the drum rotational speeds ranging from 1 to
3 0 rpm, were applied for each case. The bit speed reaches
6.54 ft/sec at the 30 rpm drum speed? however, this speed is
still less than half the recommended maximum bit speed. The
drum rotational speed, therefore, should not affect the bit
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forces in the range of speed considered. The relationship 
between specific energy, machine weight and the cutting depth 
is shown in Figure 19. The estimated production ratios and 
required power values are presented in Figure 2 0 for the three 
cases. In addition, all calculated results are given in 
Appendix B.
In all cases, the deeper drum plunge requires a heavier 
machine; however, the drum plunge depth has little effect on 
the specific energy. When the optimum average penetration for 
the cutting system is maintained by the constant drum rotation 
and machine advance, similar cutting efficiency can be 
achieved in any practical drum plunge depth. The example 
drums have a 10-ft width and 50-in. diameter cutting circle. 
Considering the space necessary for the drum mounting system 
to the main body and drum driving system, the actual drum 
plunge depth is considered to be up to 10 or 15 in.
With the 8 in. spaced cutting system, for example, 
1,056 yd3/hr (bank) of gypsum can be mined by a 48 ton machine 
with a 10 in. drum plunge depth and a 30 rpm drum rotational 
speed. The required output power is estimated at 1,072 hp. 
The estimated specific energy is 1.02 hp-hr/yd3. With the 
4 in. spaced system, 537 yd3/hr (bank) of gypsum can be 
produced by a 33 ton machine with a 10 in. drum plunge depth 
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estimated specific energy in this case are 7 07 hp and 
1.32 hp-hr/yd3, respectively. In the overburden material, the 
same 53 7 yd3/hr of production can be achieved by a 82 ton 
machine with a 10 in. drum plunge depth and 3 0 rpm drum 
rotational speed. The estimated power requirement for this 




MINE DESIGN WITH MECHANICAL 
MINING METHOD
5.1 Introduction 
The Eagle-Gypsum Products Inc. is proceeding with plans 
for a major expansion of their gypsum mining operation in 
order to reach the production capacity needed to feed a new 
wallboard plant presently under construction in Gypsum, 
Colorado (Figure 21). The plans call for a nearly ten-fold 
increase in production from its current level of 4 5,000 
tons/year to approximately 400,000 tons per year of crude 
gypsum by the summer of 1990 when the new plant is expected to 
start operation. The feed size for the wallboard plant is 
designed at 5 in. or less.
Detailed mine design studies were made on this 
development project utilizing both mechanical mining and 
conventional drill and blast mining methods in order to 
compare the overall mining costs. These mine design studies 
included ore reserve estimation, pit limit design, mining plan 
and mining costs estimation.
The exploration data contained in this thesis was 
supplied by Jerome F. Gamba and Associates of Glenwood 
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Figure 21. Location of Gypsum, Colorado
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geological prospecting and exploration work on the property 
for the proposed mining operation. During the course of this 
study, several trips were made to the proposed mine location 
to collect additional exploration data, and to make on-site 
observations regarding pit limits, operational sequences and 
potential haulage routes.
5.2 Ore Reserve Estimation
5.2.1 Geologic Prospecting and Exploration
Geologic prospecting and exploration drilling for the 
potential ore body were carried out by Jerome F. Gamba & 
Associates. By the end of October 1989, the assay data from 
73 drill holes and 14 surface sampling points were gathered 
and used for developing ore reserve estimations. The 
locations of drill holes and surface sampling points are shown 
in Figure 22. The assay data of these points are listed in 
Appendix C.
5.2.2 Geostatistical Ore Reserve Estimation
A mineral block model was generated to cover most of the 
drill holes and surface sampling points, as shown in 
Figure 22. The block was 2,100 ft in east-west direction, 
3,300 ft in north-south direction and 550 ft in depth (between
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Figure 22. Exploration Data Points and Mineral
Block Model
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6,500 ft and 7,050 ft in elevation). This block was divided 
into 7,623 small blocks. The size of each small block was 
100 ft by 100 ft in area and 50 ft in height. The quality and 
quantity of gypsum in each block were computed with 
geostatistical techniques based on the drill hole and surface 
sampling assay data.
The objectives of utilizing geostatistics are defined as 
being (1) to estimate the most likely value of blocks of ore 
or the value of the whole deposit, and (2) to estimate the 
errors of such estimates (Royle 1971). Geostatistics has been 
considered a superior method for estimating the grade of in- 
situ mineralization because it provides a theoretical and 
practical basis for quantifying the geological concepts of 
(1) area of influence of a sample, (2) the continuity or lack 
of continuity of mineralization within the ore body, and 
(3) the lateral changes in mineralization according to the 
trend direction of an ore body and its orthogonal components 
(Barnes 1979).
The fundamental tool of the geostatistical analysis is 
called the variogram. By examining the variogram, the 
following information can be obtained: (1) measure of
continuity of the mineralization, (2) measure of the area of 
influence of a sample, and (3) measure of mineral trend or 
mineral anisotropies of the deposit. Kriging then is used in
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order to estimate the mineral qualities at certain point or 
area.
5.2.3 Results
Variogram analysis was performed at the elevations of 
6,975 ft, 6,925 ft, 6,875 ft, 6,825 ft and 6,775 ft, 
consisting of more than 25 assay points each. Table 10 shows 
the summary of the analysis. The values of the second model 
(elevation 6,925 ft) were applied to Kriging calculation 
because this model indicated the best fit variogram among the 
5 models.
The results of Kriging estimation are listed in Table 11. 
Applying a 140 lbs/ft3 tonnage factor, the total gypsum was 
estimated to be about 68 million tons at 70% average grade; 
however, the number of assay points below 6,750 ft was 
considered insufficient to evaluate any development at 
present. According to Eagle-Gypsum Products Inc., they plan 
to produce 400,000 tons of ore annually for at least 25 years 
at an average grade of 90%. Down to 6750 ft level, the ore 
reserves of 80% gypsum or more were estimated at 10,850,000 
tons with an 87.46% average grade. Although this grade is 
slightly less than 90%, the ore quantity is sufficient to 
support 25 years of operation. Therefore, this 10,850,000 
tons of gypsum at a cut-off grade of 80% was decided as the
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MODEL co C a ANISOTROPY
6975 27 Exponential 50 300 400 Not Clear
6925 41 Exponential 100 300 500 Not Clear
6875 36 Exponential 0 900 500 Not Clear
6825 39 Exponential 0 650 800 Not Clear
6775 29 Exponential 400 800 400 Not Clear
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90% OR MORE 80% OR MORE TOTAL
lOOOTons AVG % lOOOTons AVG % lOOOTons AVG %
7000-6950 27 70 90.96 490 86.13 1, 260 77 . 27
6950-6900 41 70 90.90 1,330 85.43 3,850 76. 65
6900-6850 36 140 91.55 1,890 86.39 7, 000 65.78
6850-6800 39 805 91.27 3 , 850 88 . 08 10,500 73 . 45
6800-6750 29 1, 365 92 . 03 3 , 290 88. 37 12,180 59.67
Sub Total 2,450 91.69 10,850 87.46 34,790 67. 57
6750-6700 14 1,295 93.18 2,800 89.01 11,620 69.98
6700-6650 9 1,645 94.30 3,885 89.61 10,920 67 . 51
6650-6600 4 1,645 95.74 4,200 87.91 6,825 70.28
6600-6550 1 2, 310 97.20 2,310 97.20 2,310 97 .20
6550-6500 1 1, 330 95.50 1,330 95.50 1,330 95. 50
Total 10,675 94.56 23,485 89.34 67,795 69.81
Note: NO OF A.P.: Number of Assay Points used for calculation 
C0: Nugget, C: Sill, arrange
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current ore reserve and mine design studies were carried out 
accordingly.
5.3 Pit Limit Design
The pit limit was designed to develop the current ore 
reserves. A 45° average pit slope angle was selected, which 
is typical for various types of rock. Three separate pits 
were designed as shown in Figure 22. The amount of ore and 
waste rock as well as the stripping ratios were calculated 
assuming a tonnage factor of 140 lbs/ft3 for both ore and the 
waste. Table 12 shows the results for pits A, B and C.
Among the three pit options, only pit A is recommended 
for present development. In pit B, the stripping ratio is 
considerably high and, for pit C, additional exploration of 
the lower levels is needed before a more accurate pit design 
can be developed. In pit A, 10,045,000 tons of ore reserves 
containing more than 80% gypsum were calculated at an average 
grade of 87.87%. In this case, the overall stripping ratio 
(i.e. weight ratio of waste over ore) is 0.46. An additional 
4,587,800 tons of waste rock, mainly consisting of low grade 
gypsum, need to be mined in order to develop this ore reserve.
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Table 12. Ore, Waste and Stripping Ratio
(a) PIT: A Cut-off Grade: 80%
ELEVATION ORE WASTE SR
(tons) Grade(%) (tons) Grade(%)
7000-
6950 455,000 86.21 632,800 71.41 1. 39
69.50-
6900 1,155,000 85. 98 1,262,800 71. 67 1. 09
6900-
6850 1,750,000 86.73 1,667,400 62.14 0.95
6850-
6800 3,640,000 88.42 607,950 56. 04 0.17
6800-
6750 3,045,000 88.83 416,850 42.59 0.14




(b) PIT: B Cut-off Grade: 80%
ELEVATION ORE WASTE SR



















2 . 33 
2 . 17 
0.70
TOTAL 350,000 82.24 560,350 75.56 1. 60
(c) PIT: C Cut-off Grade: 80%
ELEVATION ORE WASTE SR
(tons) Grade(%) (tons) Grade(%)
6850-
6800 0 0. 00 66,850 76.27 —
6800-
6750 245,000 82.55 70,000 73.25 0. 29
TOTAL 245,000 82.55 136,850 74.73 0.56
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5.4 Mining Plan
5.4.1 Final Pit Design
Figures 23 and 24 show the final pit limit and typical 
bench cross section, respectively. The bench height was 
designed at 2 5 ft. There are 10 benches between the top of 
the pit and the 6750 ft level. Ore reserves and the waste in 
this final pit are listed in Table 13. As indicated in this 
Table, an additional 3 59,000 tons of waste rock needs to be 
removed to construct the in-pit haulage road. This road was 
designed for two lane traffic for 35 to 50 ton off-highway 
trucks at a maximum grade of 10%. The lane width is 52 ft and 
the necessary cutting width is 65 ft, including a safety berm 
and a ditch. In this final pit design, the ore reserve is
10,045,000 tons and the total waste is 4,946,800 tons.
5.4.2 Production Schedule
The required annual ore production is 400,000 tons. In 
the first year, the pre-production development, such as the 
haulage road construction, ore stockpile preparation and pit 
clearing, is expected to be completed within 3 to 4 months. 
This means the actual production can begin around the end of 
may, 1990? however, the 1990 production was set at a half of 



















Figure 24. Bench Cross Section
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Table 13. Ore, Waste and Stripping Ratio in
the Final Pit
Cutoff Grade: 80%
ELEVATION ORE WASTE SR
PIT PIT ROAD TOTAL
(tons) (%) (tons) (tons) (tons)
7000 -
6950 455,000 86.21 632,800 20,000 652,800 1.43
6950 -
6900 1,155,000 85.98 1,262,800 116,000 1,378,800 1.19
6900 -
6850 1,750,000 86.73 1,667,400 121,000 1,788,400 1.02
6850 -
6800 3,640,000 88.42 607,950 65,000 672,950 0.18
6800 -
6750 3,045,000 88.83 416,850 37,000 453,850 0.15
TOTAL 10,045,000 r*00•t-'00 4,587,800 359,000 4,946,800 0. 49
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attain the most efficient operation of the mechanical miner, 
it is advisable to keep a working bench as wide as possible. 
This means a slice by slice excavation from the top to bottom 
in this relatively small open pit. Because the waste rock 
makes up most of the east side of the pit, the amount of waste 
which need to be removed in the first 8 years of mine 
operation is very high. Several alternatives of mining 
sequence were investigated to obtain uniform waste handling on 
an annual basis. This resulted in waste removal of
115,000 tons for 1990 and 230,000 tons for the following 
years. The yearly production schedule from the start in 1990 
to the completion in 2015 is shown in Table 14 with reference 
to the bench elevation. The yearly production schedule is 
displayed graphically in Figure 25.
The required monthly, daily and hourly production rates 
are listed in Table 15. These rates were calculated based on 
50 weeks, 250 operating days for a full year operation and 
1 shift, 8.0 pit hours and 5.0 machine operating hours per 
day. A typical equipment mechanical availability of 75% was 
applied for this calculation. The required hourly production 
rate for mining equipment was estimated at 504 tons.
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Table 14. Production Schedule with Mechanical
Mining Method
(Production in 1,000 tons)
YEAR ORE WASTE TOTAL OPERATING BENCH & ELEV.
(%) East West
1990 200. 0 86.7 115.0 315.0 B-l 6993 . 5 B-2 6973 . 0
1991 400. 0 86.7 230.0 630.0 B-l 6984.0 B-3 6938 . 5
1992 400.0 86.7 230.0 630. 0 B-l 6978 . 0 B-4 6918.0
1993 400.0 86.8 230. 0 630. 0 B-2 6972.0 B-5 6898.0
1994 400.0 87.0 230.0 630.0 B-2 6966.5 B-5 6881.5
1995 400. 0 87.0 230.0 630.0 B-2 6960.5 B-6 6865. 0
1996 400. 0 87 . 0 230.0 630. 0 B-2 6953.0 B-7 6849.5
1997 400.0 87.8 230.0 630.0 B-3 6942.5 B-7 6841.5
1998 400.0 87.7 230.0 630.0 B-3 6933 . 0 B-7 6833.5
1999 400.0 87 .8 230.0 630.0 B-4 6924.0 B-7 6825.5
2000 400. 0 87.8 230.0 630.0 B-4 6915.0 B-8 6817.5
2001 400.0 87.8 230.0 630.0 B-4 6906.0 B-8 6809.5
2002 400.0 87.8 230.0 630.0 B-5 6897.5 B-8 6802.0
2003 400. 0 88.1 230.0 630.0 B-5 6890.0 B-9 6794.5
2004 400. 0 88.2 230.0 630.0 B-5 6883.0 B-9 6786.5
2005 400. 0 88.2 230.0 630.0 B-5 6876.0 B-9 6778.5
2006 4 00.0 88.2 230.0 630. 0 B-6 6869.0 B10 6770.5
2007 400. 0 88.2 230.0 630. 0 B-6 6862.0 B10 6762.5
2008 400.0 88.1 230.0 630. 0 B-6 6854.0 B10 6755.0
2009 400. 0 88.4 161.0 561.0 B-7 6844.5 B10 6750.0
2010 400.0 88.6 132.8 532.8 B-7 6830.0
2011 400. 0 88.6 87. 0 487.0 B-8 6815.5
2012 400.0 88.6 87.0 487.0 B-8 6801.0
2013 400.0 89.0 87.0 487.0 B-9 6781.5
2014 400.0 89.0 87.0 487.0 B10 6761.5
2015 245.0 89.0 50.0 295.0 B10 6750.0
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 Slice by slice Excavation
Figure 25. Production Schedule with Mechanical
Mining Method
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Table 15. Unit Production by Mechanical
Mining Method
(production in tons)
YEAR ORE & WASTE PRODUCTION OPERATION
Yearly Monthly Daily Hourly Days/Yr
1990 315 000 52 500 2 520 504 125
1991 630 000 52 500 2 520 504 250
1992 630 000 52 500 2 520 504 250
1993 630 000 52 500 2 520 504 250
1994 630 000 52 500 2 520 504 250
1995 630 000 52 500 2 520 504 250
1996 630 000 52 500 2 520 504 250
1997 630 000 52 500 2 520 504 250
1998 630 000 52 500 2 520 504 250
1999 630 000 52 500 2 520 504 250
2000 630 000 52 500 2 520 504 250
2001 630 000 52 500 2 520 504 250
2002 630 000 52 500 2 520 504 250
2003 630 000 52 500 2 520 504 250
2004 630 000 52 500 2 520 504 250
2005 630 000 52 500 2 520 504 250
2006 630 000 52 500 2 520 , 504 250
2007 630 000 52 500 2 520 504 250
2008 630 000 52 500 2 520 504 250
2009 561 000 52 500 2 520 504 223
2010 532 800 52 500 2 520 504 211
2011 487 000 52 500 2 520 504 193
2012 487 000 52 500 2 520 504 193
2013 487 000 52 500 2 520 504 193
2014 487 000 52 500 2 520 504 193
2015 295 000 52 500 2 520 504 117
Total 14,991, 800
Note: Equipment Mechanical Availability: 0.75.
8.0 pit hours, 5.0 average operating hours per day.
50 weeks, 250 operating days for full year operation.
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5.4.3 Transportation Methods
Three different ore transportation methods between the 
pit and the wallboard plant were evaluated in terms of 
technical feasibility and costs to handle 400,000 tons of 
annual ore production. The haulage system compared included: 
(1) truck haulage, (2) truck and surface belt conveyor system 
and (3) truck and aerial tramway. These routes for each 
system are indicated in Figure 26. The truck haulage method 
has the longest 18,500 ft one-way haul distance which consists 
of a 7,500 ft off-highway and a 11,000 ft on-highway route. 
Off-highway trucks of 35 to 50 ton load capacity are used for 
off-highway haulage and the standard dump trucks are used on 
highway. The truck and belt conveyor method is a combination 
of a 2,600 ft truck haulage and a 5,170 ft belt conveyor 
route. The 35 to 50 ton class off-highway trucks carry the 
ore from pit to the conveyor loading point located near the 
northwest corner of the pit. The conveyor system uses a 
24 in. wide conveyor belt at a maximum inclination of 15°. 
The truck and aerial tramway method consists of a 2,600-ft 
truck haulage and a 4,940-ft aerial tramway line. The 
configuration of trucks and the location of the loading point 
are the same as those for the belt conveyor method.
Table 16 shows the transportation costs comparison 
between these three haulage methods. Capital costs for the
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Figure 26. Transportation Routes and Pre-Production 
Development 
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LENGTH: Truck (ft) 




















Total Equipment 3,612 2,999 5,270








TOTAL OPERATING COST 304 219 312









TOTAL UNIT OPERATING COST 0.76 0.55 0.78
Note: 400,000 (tons/year), 2,520 (tons/day) production 
1990 dollar base
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truck, truck and belt conveyor, and truck and aerial tramway 
were estimated to be $4,142,000, $4,316,000 and $6,749,000.
Operating costs for a ton of ore transportation were $0.76, 
$0.55 and $0.78, respectively. The truck and belt conveyor 
method is the most attractive one from an operating costs view 
point, but the initial investment is higher than the truck 
only method. The truck and aerial tramway method requires the 
highest costs both in capital and operating.
In order to compare the long term economics between the 
truck haulage and the truck and belt conveyor methods, cash 
flows for both methods were calculated. These cash flow 
tables are shown in Appendix D. A yearly cost escalation of 
2% was considered in these calculations. Applying a 15% 
minimum rate of return, present worth costs for the 25 years 
of operation are $4,640,000 for the truck only method and 
$3,993,000 for the truck and belt conveyor method. Present 
worth costs for both methods in the first 5 years are 
$3,192,000 and $3,069,000, respectively.
The truck and belt conveyor transportation is obviously 
the most attractive method from the economical point of view. 
However, given the likelihood that it may take up to 5 years 
to secure the required permits to construct a belt conveyor 
overpass across the interstate highway, the truck haulage 
method appears to be the best choice for the project
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initially. Therefore, the mining costs discussed in the next 
section were estimated using the truck haulage method.
5.5 Minina Costs
5.5.1 Pre-production Development Costs
The necessary pre-production development tasks are 
(1) stockpile preparation, (2) access road construction, and 
(3) pit clearing.
According to Eagle-Gypsum Products Inc., the required ore 
stockpile capacity is 51,000 tons. This amount consists of 
4 5,000 tons for the wallboard plant feed and 6,000 tons for 
cement products. The area requirement for this stockpile was 
calculated to be 50,000 ft2. In addition, the stockpile site 
was planned for use as an ore transportation terminal between 
off-highway and on-highway trucks. The required area for this 
handling was estimated at 100,000 ft2;, therefore, total of
150,000 ft2 is necessary as the stockpile area. The proposed 
stockpile site is shown in Figure 26. The site is relatively 
flat and close to the existing county road. The required 
preparation work includes site clearing and leveling.
The access and haulage road is also shown in Figure 26. 
This road was designed to handle a two lane traffic of loaded 
35 to 50 ton class off-highway rear dump trucks. The lane
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width is 52.5 ft, the length from the county road intersection 
to the pit entrance is 5,600 ft, and the maximum grade is 10%. 
The road construction work consists of route clearing, some 
drilling and blasting, excavation and gravel surfacing.
Required initial clearing area in the pit was calculated 
to be approximately 85,600 yd2, that covered the surface above 
6,950 ft level. The estimated costs for these pre-production 
work are listed in Table 17. A 70% of the total pre- 
production costs will be taken as expense in 1990, and the 
remaining 3 0% will be deducted straight line over a 5 year 
period.
The removed waste is dumped at the area adjacent to the 
pit as shown in Figure 26. No preparation work was considered 
necessary for the waste dump.
5.5.2 Equipment
5.5.2.1 Equipment Selection. Based on the ore production 
and waste removal requirements estimated in previous sections, 
the following pieces of equipment were selected for this 
project. Applied mechanical availability is 7 5% for all 
machines.
(1) Continuous Mining: Caterpillar PR-750B.
The required machine specifications were estimated based
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Table 17. Pre-Production Development Costs
(a) Estimated Costs
Pre-Production Work Costs ($1000)
(1) Stockpile Preparation: 4
(2) Access Road Construction: 530
(3) Pit Clearing: 8
Total 542
(b) Expense and Amortization ($1000)
Expense at Year 1990 (70%) 380






Note: 1990 dollar base
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on the machine operating parameters derived in Chapter 4.
The exploration work revealed that the overburden 
dolomite lies only top most part of the pit with a thickness 
of less than one foot. This overburden will be removed during 
pre-production pit clearing. Therefore, both 8 in. and 4 in. 
spaced cutting system in gypsum can be applied to this 
operation. Between these, the 4 in. spaced system was 
selected because the required product size was 5 in. or less.
In order to produce the required 504 tons of gypsum or 
waste in 50 minutes, which represent an operating hour 
considering some operating delay, a machine having 
approximately 600 hp flywheel power and 35 tons of total 
weight is necessary. The PR-750B is primarily designed as a 
pavement profiler, but has the capability to serve as a 
continuous mining machine for soft materials. Its flywheel 
power and total machine weight are 750 hp and 47 tons. These 
values are adequate for this project.
(2) Transportation: Caterpillar Off-Highway Truck 769C, 
18 Wheel Dump Tractor-Trailer, Caterpillar Wheel Loader 980C 
High Lift.
The 769C off-highway trucks will be used for ore haulage 
from pit to the stockpile and waste haulage to the waste dump. 
The required haulage capacity is 2,520 tons/day. The 18 wheel 
tractor-trailer will carry the ore between the stockpile and
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the wallboard plant. The required transportation capacity in 
this section is 1,600 tons/day. Gypsum payloads are 
approximately 37 tons for a 769C and 25 tons for a trailer. 
The 980C will be used for loading the ore to the trailers at 
the stockpile.
(3) Support: Caterpillar Bulldozer D7H, Pickup Truck.
The bulldozer will be used for the leveling work at the 
waste dump and the stockpile, as well as road and pit 
maintenance work. The pickup is for management and general 
support.
Figure 27 summarizes the required number of equipment and 
their replacement schedule. The machine life in hours was 
estimated based on the manufacturers' recommended service 
life. Required units of 769C and the 18 wheel trailer were 
computed from the simulated haulage time. These haulage time 
data and calculation tables are attached in Appendix 5.
5.5.2.2 Equipment Costs. Equipment purchase prices and 
hourly operating costs are listed in Table 18. These prices 
shown are for new machines and include the sales tax and 
freight costs to Gypsum. Operating costs were calculated 
using manufacturers' publications. The equipment capital 
costs, depreciation, property tax and insurance costs were 



























































































































































































































































































































































































Table 18. Equipment Price and Operating Costs 
in Mechanical Mining Method
(a) MODEL: CAT Profiler PR750B 
LIFE :10000 hrs
COSTS NOTES
DELIVERED PRICE $44 3, 250.00 Sale Price Tax and Freight
OPERATING COSTS ($/hr)
Fuel 22.75 3 5 gal/hr x $.65/gal
Service 5.61 parts and service labor
General Repair 16.25 parts and service labor
Mandrel Repair 21.88 parts and service labor
Cutting Edge 0.19
TOTAL 66.68
(b) MODEL: CAT Off-Highway Truck 769C 
LIFE : 20000 hrs
COSTS NOTES
DELIVERED PRICE $3 65, 000.00 Sale Price, Tax and Freight, 
Off Tires









4.5 gal/hr x $.65/gal 
parts and service labor 
life:3000hrs, price:$2,500ea. 
recapping





(c) MODEL: CAT Wheel Loader 98 0C high lift 
LIFE : 12000 hrs
COSTS NOTES
DELIVERED PRICE $23 6, 000.00 Sale Price, Tax and Freight, 
Off Tires











9 gal/hr x $.65/gal 
parts and labor 
life:3500hrs, price:$3,OOOea. 
parts and service labor 
parts and service labor
TOTAL 18.72
(d) MODEL: CAT Bulldozer D7H 
LIFE : 10000 hrs
COSTS NOTES
DELIVERED PRICE $228, 000.00 Sale Price, Tax and Freight











7 gal/hr x $.65/gal 
parts and service labor 
parts and service labor 
parts and service labor 





(e) MODEL: 18 Wheel 25T Highway Tractor & Dump Trailer 
LIFE : 15000 hrs
COSTS NOTES
DELIVERED PRICE $101,000.00 Sale Price, Tax and Freight, 
Off Tires










4.5 gal/hr x $.65/gal 
parts and service labor 
life:3000hrs, price:$400ea. 
recapping
parts and service labor
TOTAL 7.61
(f) MODEL: Pickup 
LIFE : 12.5 yrs
COSTS NOTES
DELIVERED PRICE $14,000.00 Sale Price, Tax and Freight
OPERATING COSTS ($/hr) Negligible
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schedule.
A modified Accelerated Cost Recovery System (ACRS), 2 00% 
declining balance switching to straight line and the half-year 
convention in the first year, were used for the depreciation. 
The property taxes were based on the current taxation of Eagle 
county, Colorado. Assessed values were 29% of the book 
values, and a 48.25 mil rate was applied. The insurance costs 
were assumed at 1% of the book values. These calculations are 
listed in tabular form as Appendix F.
5.5.3 Staffing
The staffing requirement for conducting the necessary 
mining, ore transportation and development operation for each 
operating year is shown in the manning column of Table 19. 
The staff consists of machine operators, a laborer and a mine 
manager.
5.5.4 Operating Costs
Production operating costs were calculated annually based 
on the required number of staff and machine units. The 
results are shown in Table 19. Applied wages are $15 for an 
operator and $12 for a laborer, also a 25% fringe is taken 
into account. The cost escalation is assumed at 2% per year.
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Table 19. Total Operating Costs in Mechanical
Mining Method
YEAR 1990 1991 1992 1993 1994 1995 1996
MANNING
Profiler Operator 1 1 1 1 1 1 1
4 0T Truck Driver 3 3 3 4 4 4 4
18 Wheel Driver 4 4 4 4 4 4 4
Loader Operator 1 1 1 1 1 1 1
Dozer Operator 1 1 1 1 1 1 1
Laborer 1 1 1 1 1 1 1
Manager 1 1 1 1 1 1 1
Total Labor 12 12 12 13 13 13 13
NUMBER OF EQUIPMENT
Profiler 1 1 1 1 1 1 1
40T Truck 3 3 3 4 4 4 4
18 Wheel Truck 4 4 4 4 4 4 4
Wheel Loader 1 1 1 1 1 1 1
Bulldozer 1 1 1 1 1 1 1
Pickup 2 2 2 2 2 2 2
EQUIPMENT OPERATING HOURS
Profiler 625 1250 1250 1250 1250 1250 1250
4 0T Truck 1645 3295 3295 4090 4090 4545 4545
18 Wheel Truck 2500 5000 5000 5000 5000 5000 5000
Wheel Loader 625 1250 1250 1250 1250 1250 1250




YEAR 1990 1991 1992 1993 1994 1995 1996
OPERATING COSTS ($1, 000)
LABOR COSTS
Operators($15/h)150 300 300 330 330 330 330
Laborer ($12/h) 12 24 24 24 24 24 24
Manager 20 40 40 40 40 40 40
Fringe(25%) 46 91 91 99 99 99 99
Total Labor 228 455 455 493 493 493 493
EQUIPMENT OPER. COSTS
Profiler 42 83 83 83 83 83 83
40T Truck 27 53 53 66 66 73 73
18 Wheel Truck 19 38 38 38 38 38 38
Wheel Loader 12 23 23 23 23 23 23
Bulldozer 11 22 22 22 22 22 22
Total Equip. 110 220 220 232 232 240 240
CORPORATE OVERHEAD 15 30 30 30 30 30 30
SUB TOTAL 352 705 705 755 755 762 762
CONTINGENCY (@15%) 53 106 106 113 113 114 114
TOTAL COST
1990 dollar 405 810 810 868 868 877 877
Esc. Rate(@2%) 1.00 1.02 1.04 1.06 1.08 1.10 1.13
Escalated $ 405 827 843 921 940 968 987
INSURANCE COSTS 10 14 10 10 7 4 1




YEAR 1997 1998 1999 2000 2001 2002 2003
MANNING
Profiler Operator 1 1 1 1 1 1 1
4 0T Truck Driver 4 4 4 4 4 4 4
18 Wheel Driver 4 4 4 4 4 4 4
Loader Operator 1 1 1 1 1 1 1
Dozer Operator 1 1 1 1 1 1 1
Laborer 1 1 1 1 1 1 1
Manager 1 1 1 1 1 1 1
Total Labor 13 13 13 13 13 13 13
NUMBER OF EQUIPMENT
Profiler 1 1 1 1 1 1 1
4 OT Truck 4 4 4 4 4 4 4
18 Wheel Truck 4 4 4 4 4 4 4
Wheel Loader 1 1 1 1 1 1 1
Bulldozer 1 1 1 1 1 1 1
Pickup 2 2 2 2 2 2 2
EQUIPMENT OPERATING HOURS
Profiler 1250 1250 1250 1250 1250 1250 1250
4 0T Truck 4545 4545 4545 4545 4545 4545 4545
18 Wheel Truck 5000 5000 5000 5000 5000 5000 5000
Wheel Loader 1250 1250 1250 1250 1250 1250 1250




YEAR 1997 1998 1999 2000 2001 2002 2003
OPERATING COSTS ($1 ,000)
LABOR COSTS
Operators($15/h)330 330 330 330 330 330 330
Laborer ($12/h) 24 24 24 24 24 24 24
Manager 40 40 40 40 40 40 40
Fringe(25%) 99 99 99 99 99 99 99
Total 493 493 493 493 493 493 493
EQUIPMENT OPER. COSTS
Profiler 83 83 83 83 83 83 83
40T Truck 73 73 73 73 73 73 73
18 Wheel Truck 38 38 38 38 38 38 38
Wheel Loader 23 23 23 23 23 23 23
Bulldozer 22 22 22 22 22 22 22
Total 240 240 240 240 240 240 240
CORPORATE OVERHEAD 30 30 30 30 30 30 30
SUB TOTAL 762 762 762 762 762 762 762
CONTINGENCY (§15%) 114 114 114 114 114 114 114
TOTAL COST
1990 dollar 877 877 877 877 877 877 877
Esc. Rate(§2%) 1.15 1.17 1.20 1.22 1.24 1.27 1.29
Escalated $ 1007 1027 1048 1069 1090 1112 1134
INSURANCE COSTS 1 5 6 6 5 3 6




YEAR 2004 2005 2006 2007 2008 2009 2010
MANNING
Profiler Operator 1 1 1 1 1 1 1
4 0T Truck Driver 4 4 4 4 4 4 4
18 Wheel Driver 4 4 4 4 4 4 4
Loader Operator 1 1 1 1 1 1 1
Dozer Operator 1 1 1 1 1 1 1
Laborer 1 1 1 1 1 1 1
Manager 1 1 1 1 1 1 1
Total Labor 13 13 13 13 13 13 13
NUMBER OF EQUIPMENT
Profiler 1 1 1 1 1 1 1
4 0T Truck 4 4 4 4 4 4 4
18 Wheel Truck 4 4 4 4 4 4 4
Wheel Loader 1 1 1 1 1 1 1
Bulldozer 1 1 1 1 1 1 1
Pickup 2 2 2 2 2 2 2
EQUIPMENT OPERATING HOURS
Profiler 1250 1250 1250 1250 1250 1115 1060
40T Truck 4545 4545 4545 4545 4545 4140 3975
18 Wheel Truck 5000 5000 5000 5000 5000 5000 5000
Wheel Loader 1250 1250 1250 1250 1250 1250 1250




YEAR 2004 2005 2006 2007 2008 2009 2010
OPERATING COSTS ($1,000)
LABOR COSTS
Operators($15/h)3 30 330 330 330 330 311 303
Laborer ($12/h) 24 ' 24 24 24 24 21 20
Manager 40 40 40 40 40 36 34
Fringe(25%) 99 99 99 99 99 92 89
Total 493 493 493 493 493 460 446
EQUIPMENT OPER. COSTS
Profiler 83 83 83 83 83 74 71
40T Truck 73 73 73 73 73 67 64
18 Wheel Truck 38 38 38 38 38 38 38
Wheel Loader 23 23 23 23 23 23 23
Bulldozer 22 22 22 22 22 19 18
Total 240 240 240 240 240 222 215
CORPORATE OVERHEAD 30 30 30 30 30 27 25
SUB TOTAL 762 762 762 762 762 709 686
CONTINGENCY (@15%) 114 114 114 114 114 106 103
TOTAL COST
1990 dollar 877 877 877 877 877 815 789
Esc. Rate(@2%) 1.32 1.35 1.37 1.40 1.43 1.46 1.49
Escalated $ 1157 1180 1203 1227 1252 1188 1172
INSURANCE COSTS 4 2 19 13 12 13 12




YEAR 2011 2012 2013 2014 2015
MANNING
Profiler Operator 1 1 1 1 1
40T Truck Driver 4 4 4 4 4
18 Wheel Driver 4 4 4 4 4
Loader Operator 1 1 1 1 1
Dozer Operator 1 1 1 1 1
Laborer 1 1 1 1 1
Manager 1 1 1 1 1
Total Labor 13 13 13 13 13
NUMBER OF EQUIPMENT
Profiler 1 1 1 1 1
40T Truck 4 4 4 4 4
18 Wheel Truck 4 4 4 4 4
Wheel Loader 1 1 1 1 1
Bulldozer 1 1 1 1 1
Pickup 2 2 2 2 2
EQUIPMENT OPERATING HOURS
Profiler 970 970 970 970 585
40T Truck 3705 3705 3705 3705 2240
18 Wheel Truck 5000 5000 5000 5000 3060
Wheel Loader 1250 1250 1250 1250 765




YEAR 2011 2012 2013 2014 2015
OPERATING COSTS ($1, 000)
LABOR COSTS
Operators($15/h)290 290 290 290 176
Laborer ($12/h) 19 19 19 19 11
Manager 31 31 31 31 19
Fringe(25%) 85 85 85 85 52
Total 424 424 424 424 258
EQUIPMENT OPER. COSTS
Profiler 65 65 65 65 39
40T Truck 60 60 60 60 36
18 Wheel Truck 38 38 38 38 23
Wheel Loader 23 23 23 23 14
Bulldozer 17 17 17 17 10
Total 203 203 203 203 123
CORPORATE OVERHEAD 23 23 23 23 14
SUB TOTAL 650 650 650 650 395
CONTINGENCY (@15%) 97 97 97 97 59
TOTAL COST
1990 dollar 747 747 747 747 454
Esc. Rate(@2%) 1.52 1.55 1.58 1.61 1.64
Escalated $ 1133 1155 1178 1202 745
INSURANCE COSTS 8 4 3 1 0
OPERATING COSTS 1141 1159 1181 1203 745
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The cash flows were ,then, calculated using these 
operating costs. An analysis on the cash flows are discussed 




MINE DESIGN WITH DRILL AND 
BLAST METHOD
6.1 Introduction
Based on the new production plan of The Eagle-Gypsum 
Products Inc. discussed in Chapter 5, a detailed mine design 
study was carried out using conventional drill and blast 
mining method. The pit limits and the ore reserves adopted 
for this study were the same as those used for the mechanical 
mining method.
6.2 Minina Plan
6.2.1 Final Pit Design
The final pit design is identical to the one used for 
mechanical mining method. The final pit limit and typical 
bench cross section are shown in Figures 2 3 and 24, and the 
amount of ore reserves and waste in the final pit are listed 
in Table 13 in Chapter 5. The bench was designed at 25 ft in 
height, 45* of slope angle and 65° of face angle. The 




The planned ore production is 400,000 tons per year 
starting in 1991 and 200,000 tons in 1990, the first year, due 
to the pre-production work requirements. In order to achieve 
this ore production with the minimum and uniform waste 
handling, several cases of mining sequence were studied. 
Unlike the mechanical mining method, which requires wider 
working benches and the slice by slice operation, the drill 
and blast method is flexible for selecting operating benches. 
Because of this advantage, it was possible to schedule uniform 
waste development throughout the operating years. The 
calculated waste handling was 100,000 tons in 1990 and 200,000 
tons in the following years. The yearly production schedule 
from 1990 to the project completion in 2015 is listed in 
Table 20. Also, a graphical presentation of this production 
schedule is shown in Figure 28.
The required monthly, daily and hourly production rates 
of ore and waste are listed in Table 21. These rates were 
calculated on the same basis as the mechanical mining method,
50 weeks, 250 operating days for a full year operation and 1
shift, 8.0 pit hours and 5.0 machine operating hours per day. 
Also, the same 75% of equipment mechanical availability was 
applied. The required hourly production was estimated to be






























Table 20. Production Schedule with Drill
and Blasting Method
(Production in 1,000 tons)
ORE WASTE TOTAL OPERATING BENCH
(%> ORE WASTE
200.0 86.6 100. 0 300.0 B-l B-l
400. 0 86.6 200.0 600. 0 B-1,2,3 B-l
400. 0 86. 3 200. 0 600. 0 B-3,4 B-1,2
400. 0 86. 2 200. 0 600.0 B-4 , 5 B-2 , 3
400.0 85.9 200.0 600.0 B-3,5 B-3
400.0 87.7 200.0 600.0 B-5,6 B-3
400.0 87.1 200.0 600.0 B-6 B-3
400.0 88.0 200.0 600.0 B-6,7 B-3,4
400.0 88.5 200.0 600.0 B-4, 7 B-4
400.0 88.3 200.0 600.0 B-7 B-4, 7
400.0 89.4 200.0 600.0 B-7,8 B-4, 8
400.0 87.0 200.0 600.0 B-5,8 B-4, 5
400.0 87.7 200.0 600.0 B-6, 8 B-5,6,8
400.0 87.4 200.0 600.0 B-6, 9 B-5,9
400. 0 86. 3 200. 0 600.0 B-9 B-5,9
400.0 88.3 200.0 600. 0 B-9,10 B-6,10
400. 0 85.6 200. 0 600.0 B-7,10 B-6,7,10
400.0 87.9 200.0 600.0 B-7 B-6,7
400.0 88.6 200.0 600.0 B-7,8 B-5,7,8
400.0 87.6 200.0 600.0 B-8 B-5,6
400.0 89.1 200.0 600.0 B-8,9 B-6, 9
400.0 89.0 200.0 600.0 B-9,10 B-6,9,10
400.0 87.6 200.0 600.0 B-7,8,9 B-6,7,8
400.0 91.2 200.0 600.0 B-9,10 B-8
400.0 89.1 200.0 600.0 B-10 B-8,9,10
245.0 92.8 46.8 291.8 B-10 B-10
























£§3 Ore 1^3 Waste
Figure 28. Production Schedule with Drill and
Blast Method
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Table 21. Unit Production by Drill and
Blast Method
(production in tons)
YEAR ORE & WASTE PRODUCTION OPERATION
Yearly Monthly Daily Hourly Days/Yr
1990 300 000 50 000 2 400 480 125
1991 600 000 50 000 2 400 480 250
1992 600 000 50 000 2 400 480 250
1993 600 000 50 000 2 400 480 250
1994 600 000 50 000 2 400 480 250
1995 600 000 50 000 2 400 480 250
1996 600 000 50 000 2 400 480 250
1997 600 000 50 000 2 400 480 250
1998 600 000 50 000 2 400 480 250
1999 600 000 50 000 2 400 480 250
2000 600 000 50 000 2 400 480 250
2001 600 000 50 000 2 400 480 250
2002 600 000 50 000 2 400 480 250
2003 600 000 50 000 2 400 480 250
2004 600 000 50 000 2 400 480 250
2005 600 000 50 000 2 400 480 250
2006 600 000 50 000 2 400 480 250
2007 600 000 50 000 2 400 480 250
2008 600 000 50 000 2 400 480 250
2009 600 000 50 000 2 400 480 250
2010 600 000 50 000 2 400 480 250
2011 600 000 50 000 2 400 480 250
2012 600 000 50 000 2 400 480 250
2013 600 000 50 000 2 400 480 250
2014 600 000 50 000 2 400 480 250
2015 291 800 50 000 2 400 480 122
Total 14,991,800
Note: Equipment Mechanical Availability: 0.75
8.0 pit hours, 5.0 average operating hours per day.
50 weeks, 250 operating days for full year operation.
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mechanical method by 24 tons.
6.2.3 Transportation Methods
The truck haulage method is used for the ore 
transportation between the pit and the wallboard plant as 
discussed in Chapter 5. The haulage route consists of an off- 
highway road from the pit to the stockpile and the use of an 
existing highway to the wallboard plant as shown in Figure 26.
In the drill and blast mining method, a crushing plant is 
necessary to reduce the product size to 5 in. for the 
wallboard plant feed. The location of the crushing plant was 
selected at the stockpile site because of the following 
reasons. (1) The ore should be reloaded from off-highway 
trucks to on-highway trucks at the stockpile. If the crushing 
plant is located here, the off-highway trucks can dump the ore 
directly to the crusher and the crushed ore is stocked or 
loaded to on-highway trucks. No additional reloading is 
necessary. (2) The plant construction can be carried out in 
parallel with other pre-production work because the site is 
close to the existing county road. (3) The site is in close 
proximity of an existing power line.
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6.3 Mining Costs
6.3.1 Pre-production Development Costs
The necessary pre-production work include (1) stockpile 
preparation consisting of the site preparation for the 
crushing plant, (2) access road construction, and (3) pit 
clearing. The required amount of work and estimated costs are 
considered to be identical with those for the mechanical 
mining method. These costs are listed in Table 17 of 
Chapter 5. The construction costs for the crushing plant will 
be discussed later in this section because this cost is not 
eligible to be considered as the mineral development costs.
6.3.2 Blasting
6.3.2.1 Blasting Design. The blasting pattern was 
designed using Ash's empirical formulas (Pugliese 1972) based 
on the following factors.
(1) Bench Height: 25 ft
(2) Blast Hole Diameter: 4 in.
(3) Density of Rock: 2.24 gm/cm3 (140 lbs/ft3)
(4) Explosive: ANFO 0.85 gm/cm3
Figure 29 shows the blasting design. With this design, 























rock can be broken by each blast hole. The powder factor is 
0.4 6 lbs/ton. The necessary drilling length to break a ton of 
rock is 0.133 ft.
6.3.2.2 Explosives Costs. The explosives costs for each 
blast hole and a ton of rock produced are listed in Table 22.
Table 22. Explosives Costs
(a) Explosives Costs/Blast Hole
Explosives Quan. Unit Price Cost ($)
ANFO 97 lbs $0.20/lbs 19.40
Cast Primer 1 lbs $2.90/ea 2 .90
Cap 1 $4.85/ea 4.85
(electric, 40-ft wire)
Total 27.15
(b) Explosives Costs/Ton of Rock ($/ton) 0.129
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6.3.3 Equipment
6.3.3.1 Equipment Selection. Based on the ore production 
and waste removal requirements, the following pieces of 
equipment were selected for this project. Applied mechanical 
availabilities were 85% for a drill and 75% for the other 
machines.
(1) Blast Hole Drill: Ingersoll-Rand DM25SP.
As discussed above, 0.133 ft drilling of 4 in. diameter 
holes is necessary for each ton of ore and waste mined, giving 
a production rate of 2,400 tons per day. Therefore, 320 ft of 
drilling is required each day. Assuming 8.0 daily pit hours 
including 1.0 pause hour and 85% mechanical availability, the 
required drilling rate is 55 ft/hr. This drilling rate can be 
performed for the gypsum and waste rock at the mine site by an 
Ingersoll-Rand DM-25SP with a 4 in. diameter Down the Hole 
Drill.
(2) Loader: Caterpillar Wheel Loader 988B High Lift.
Mobility is one of the most important factors in the
selection of a loader for this project because working benches 
are scattered in order to achieve uniform waste handling. The 
required production rate is 480 tons per hour and the proposed 
haulage truck is a 40 ton class Caterpillar 769C. The machine 
suitable for this purpose is a 6.5 yd3 class wheel loader such
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as the Caterpillar 988B High Lift.
(3) Transportation: Caterpillar Off-Highway Truck 7 69C, 
18 Wheel Dump Tractor-Trailer, Caterpillar Wheel Loader 98OC 
High Lift.
These equipment selections are the same as those used for 
the mechanical mining method. The 769C truck will be used for 
the ore haulage from pit to stockpile, or crushing plant, and 
the waste haulage to waste dump. The 18 Wheel Tractor-Trailer 
will transport the crushed ore from the stockpile to the 
wallboard plant. Gypsum payloads are approximately 37 tons 
for a 769C and 25 tons for a trailer. The 980C will be used 
for loading the crushed ore to the trailer at the stockpile.
(4) Support: Caterpillar Bulldozer D7H, Truck Mounted 
ANFO Loader, and Pickup.
In addition to the D7H and the Pickup truck, which are 
also selected for the mechanical mining method, an ANFO loader 
is needed for the blasting operation. Approximately 3,000 to
6,000 lbs of ANFO will be consumed in one blast. The 
bulldozer will be used for the leveling work at the waste dump 
and stockpile, as well as for road and pit maintenance. The 
pickup is for management and general support.
Figure 30 shows the required number of equipment and 
their replacement schedule. The machine life was estimated 



































































Required units of the 769C and the 18 wheel trailer were 
calculated from the simulated haulage time. These haulage 
time data are attached in Appendix G.
6.3.3.2 Equipment Costs. The equipment purchase price 
and the hourly operating costs are listed in Table 23. The 
prices shown are for new machines and include the sales tax 
and freight costs to Gypsum, Colorado. Operating costs were 
calculated using manufacturers' publications. The equipment 
capital costs, depreciation, property tax and insurance costs 
were computed based on the above mentioned replacement 
schedule. These calculations are listed in Appendix H.
6.3.4 Crushing Plant
6.3.4.1 Crushing Plant Design. Figure 31 shows the basic 
design of a crushing plant. The plant consists of a jaw 
crusher (48 x 60, 300 hp) , a 15 ft vibrating feeder and a 
150 ft discharge belt conveyor. The processing circuit is one 
pass and screens are not used. Applying a 9.2 work index, 
which is typical for gypsum, the designed capacity is 500 tons 
per hour for a 5 in. crusher discharge opening.
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Table 23. Equipment Price and Operating Costs 
in Drill and Blast Method
(a) MODEL: Ingersoll-Rand DM25SP 
LIFE : 10000 hrs
COSTS NOTES
DELIVERED PRICE $378, 000.00 Sale Price, Tax and Freight
OPERATING COSTS ($/hr)
Fuel 4.81 
Serv. & Repair 22.23 
General Repair 0.86 
Drill Tool
Bit 7.73 
D .H .Hammer 8.83 
Drill Rod 1.10
35 gal/hr x $.65/gal 
parts and labor 
parts and labor
2500' life, 0.14 ($/ft) 
50000* life,0.16 ($/ft) 
50000' life,0.02 ($/ft)
TOTAL 45.56
(b) MODEL: CAT Wheel 
LIFE : 10000 hrs
Loader 988B high lift
COSTS NOTES














16.5 gal/hr x $.65/gal 
parts and labor 
life:3500hrs, price:$3,800ea. 
parts and service labor 





(c) MODEL: CAT Off-Highway Truck 7 69C 
LIFE : 20000 hrs
COSTS NOTES











4.5 gal/hr x $.65/gal 
parts and service labor 
life:3000hrs, price:$2,500ea. 
recapping






Loader 980C high lift
COSTS NOTES













9 gal/hr x $.65/gal 
parts and labor 
life:3500hrs, price:$3,OOOea. 
parts and service labor 





(e) MODEL: CAT Bulldozer D7H 
LIFE : 10000 hrs
COSTS NOTES




General Repair 5.3 0
Under Carriage 7.2 0
Cutting Edge 1.80
7 gal/hr x $.65/gal 
parts and service labor 
parts and service labor 
parts and service labor 
parts and service labor
TOTAL 19.2 3
(f) MODEL: 18 Wheel 25T Highway Tractor & Dump Trailer 
LIFE : 15000 hrs
COSTS NOTES











4.5 gal/hr x $.65/gal 
parts and service labor 
life:3000hrs, price:$400 ea. 
recapping





(g) MODEL: Truck Mounted ANFO Loader 
LIFE : 12.5 yrs
COSTS NOTES
DELIVERED PRICE $20,000.00 Sale Price, Tax and Freight
OPERATING COSTS ($/hr) Negligible
MODEL: Pickup 
LIFE : 12.5 yrs
COSTS NOTES
DELIVERED PRICE $14,000.00 Sale Price, Tax and Freight

















6.3. 4. 2 Crushing Costs. The construction and equipment 
purchase costs for the crushing plant as well as the operating 
costs are listed in Table 24. The capital costs, 
depreciation, property tax and insurance costs are listed in 
Appendix H together with the costs for the other equipment.
6.3.5 Staffing
The staffing requirements for conducting the scheduled 
mining and ore transportation and the necessary development 
work are shown in the manning column of Table 25. The staff 
consists of machine operators, a crushing plant operator who 
serves also as a blaster, a laborer and a mine manager. The 
crusher operator can work as a blaster because the scheduled 
plant operation including maintenance is 167 days in a year 
(250 operating days) and the required number of blasting is 
considered to be about 70 times, or 1 to 2 times a week.
6.4.6 Operating Costs
Production operating costs were calculated annually based 
on the required number of staff, equipment and the amount of 
materials needed to support the mining operation. The results 
are shown in Table 25. Applied wages are $15 for an operator 
and $12 for a laborer, also a 25% fringe rate is taken into 
account. The cost escalation is assumed at 2% per year.
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Table 25. Total Operating Costs in Drill and
Blast Method
YEAR 1990 1991 1992 1993 1994 1995 1996
MANNING
Drill Operator 1 1 1 1 1 1 1
Blaster 0.3 0.3 0.3 0.3 0.3 0 . 3 0.3
4 0T Truck Driver 3 3 3 3 3 4 4
18 Wheel Driver 4 4 4 4 4 4 4
Loader Operator 2 2 2 2 2 2 2
Dozer Operator 1 1 1 1 1 1 1
Crusher Operator 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Laborer 1 1 1 1 1 1 1
Manager 1 1 1 1 1 1 1
Total Labor 14 14 14 14 14 15 15
NUMBER OF EQUIPMENT
Drill 1 1 1 1 1 1 1
Loader (pit) 1 1 1 1 1 1 1
40T Truck 3 3 3 3 3 4 4
18 Wheel Truck 4 4 4 4 4 4 4
Loader (stockpile) 1 1 1 1 1 1 1
Bulldozer 1 1 1 1 1 1 1
ANFO Loader 1 1 1 1 1 1 1
Pickup 2 2 2 2 2 2 2
EQUIPMENT OPERATING HOURS
Drill 725 1450 1450 1450 1450 1450 1450
Loader (pit) 625 1250 1250 1250 1250 1250 1250
40T Truck 1665 3335 3335 3335 3335 4170 4170
18 Wheel Truck 2500 5000 5000 5000 5000 5000 5000
Loader (stockpile) 625 1250 1250 1250 1250 1250 1250





YEAR 1990 1991 1992 1993 1994 1995 1996
OPERATING COSTS ($1, 000)
LABOR COSTS
Operators($15/h) 180 360 360 360 360 390 390
Laborer ($12/h) 12 24 24 24 24 24 24
Manager 20 40 40 40 40 40 40
Fringe(25%) 53 106 106 106 106 114 114
Total Labor 265 530 530 530 530 568 568
EXPLOSIVES COSTS 39 77 77 77 77 77 77
EQUIPMENT OPERATING COSTS
Drill 33 66 66 66 66 66 66
Loader (pit) 17 34 34 34 34 34 34
40T Truck 27 54 54 54 54 67 67
18 Wheel Truck 19 38 38 38 38 38 38
Loader (stockpile)12 23 23 23 23 23 23
Bulldozer 11 22 22 22 22 22 22
Total Equip. 118 237 237 237 237 250 250
CRUSHER OPER. COSTS 8 16 16 16 16 16 16
CORPORATE OVERHEAD 15 30 30 30 30 30 30
SUB TOTAL 445 890 890 890 890 941 941
CONTINGENCY (@15%) 67 134 134 134 134 141 141
TOTAL COST
1990 dollar 512 1024 1024 1024 1024 1083 1083
Esc. Rate(@2%) 1.00 1.02 1.04 1.06 1.08 1.10 1.13
Escalated $ 512 1044 1065 1087 1108 1195 1219
INSURANCE COSTS 33 23 16 11 7 7 2





YEAR 1997 1998 1999 2000 2001 2002 2003
MANNING
Drill Operator 1 1 1 1 1 1 1
Blaster 0.3 0.3 0.3 0.3 0.3 0.3 0.3
4 0T Truck Driver 4 4 4 4 4 4 4
18 Wheel Driver 4 4 4 4 4 4 4
Loader Operator 2 2 2 2 2 2 2
Dozer Operator 1 1 1 1 1 1 1
Crusher Operator 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Laborer 1 1 1 1 1 1 1
Manager 1 1 1 1 1 1 1
Total Labor 15 15 15 15 15 15 15
NUMBER OF EQUIPMENT
Drill 1 1 1 1 1 1 1
Loader (pit) 1 1 1 1 1 1 1
40T Truck 4 4 4 4 4 4 4
18 Wheel Truck 4 4 4 4 4 4 4
Loader (stockpile) 1 1 1 1 1 1 1
Bulldozer 1 1 1 1 1 1 1
ANFO Loader 1 1 1 1 1 1 1
Pickup 2 2 2 2 2 2 2
EQUIPMENT OPERATING HOURS
Drill 1450 1450 1450 1450 1450 1450 1450
Loader (pit) 1250 1250 1250 1250 1250 1250 1250
4 0T Truck 4170 4170 4585 4585 4170 4585 4585
18 Wheel Truck 5000 5000 5000 5000 5000 5000 5000
Loader (stockpile)1250 1250 1250 1250 1250 1250 1250





YEAR 1997 1998 1999 2000 2001 2002 2003
OPERATING COSTS ($1, 000)
LABOR COSTS
Operators($15/h) 390 390 390 390 390 390 390
Laborer ($12/h) 24 24 24 24 24 24 24
Manager 40 40 40 40 40 40 40
Fringe(25%) 114 114 114 114 114 114 114
Total Labor 568 568 568 568 568 568 568
EXPLOSIVES COSTS 77 77 77 77 77 77 77
EQUIPMENT OPER. COSTS
Drill 66 66 66 66 66 66 66
Loader (pit) 34 34 34 34 34 34 34
40T Truck 67 67 74 74 67 74 74
18 Wheel Truck 38 38 38 38 38 38 38
Loader (stockpile)23 23 23 23 23 23 23
Bulldozer 22 22 22 22 22 22 22
Total Equip. 250 250 257 257 250 257 ' 257
CRUSHER OPER. COSTS 16 16 16 16 16 16 16
CORPORATE OVERHEAD' 30 30 30 30 30 30 30
SUB TOTAL 941 941 948 948 941 948 948
CONTINGENCY (015%) 141 141 142 142 141 142 142
TOTAL COST
1990 dollar 1083 1083 1090 1090 1083 1090 1090
Esc. Rate(@2%) 1.15 1.17 1.20 1.22 1.24 1.27 1.29
Escalated $ 1243 1268 1303 1329 1346 1383 1410
INSURANCE COSTS 5 8 8 8 5 3 7





YEAR 2004 2005 2006 2007 2008 2009 2010
MANNING
Drill Operator 1 1 1 1 1 1 1
Blaster 0.3 0.3 0.3 0.3 0.3 0.3 0.3
4 0T Truck Driver 4 4 4 4 4 4 4
18 Wheel Driver 4 4 4 4 4 4 4
Loader Operator 2 2 2 2 2 2 2
Dozer Operator 1 1 1 1 1 1 1
Crusher Operator 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Laborer 1 1 1 1 1 1 1
Manager 1 1 1 1 1 1 1
Total Labor 15 15 15 15 15 15 15
NUMBER OF EQUIPMENT
Drill 1 1 1 1 1 1 1
Loader (pit) 1 1 1 1 1 1 1
40T Truck 4 4 4 4 4 4 4
18 Wheel Truck 4 4 4 4 4 4 4
Loader (stockpile) 1 1 1 1 1 1 1
Bulldozer 1 1 1 1 1 1 1
ANFO Loader 1 1 1 1 1 1 1




1450 1450 1450 1450 1450 1450 1450
Loader (pit) 1250 1250 1250 1250 1250 1250 1250
40T Truck 4585 4585 4585 4585 4585 4170 4585
18 Wheel Truck 5000 5000 5000 5000 5000 5000 5000
Loader (stockpile)1250 1250 1250 1250 1250 1250 1250





YEAR 2004 2005 2006 2007 2008 2009 2010
OPERATING COSTS ($1, 000)
LABOR COSTS
Operators($15/h) 390 390 390 390 390 390 390
Laborer ($12/h) 24 24 24 24 24 24 24
Manager 40 40 40 40 40 40 40
Fringe(25%) 114 114 114 114 114 114 114
Total Labor 568 568 568 568 568 568 568
EXPLOSIVES COSTS 77 77 77 77 77 77 77
EQUIPMENT OPER. COSTS
Drill 66 66 66 66 66 66 66
Loader (pit) 34 34 34 34 34 34 34
40T Truck 74 74 74 74 74 67 74
18 Wheel Truck 38 38 38 38 38 38 38
Loader (stkpil) 23 23 23 23 23 23 23
Bulldozer 22 22 22 22 22 22 22
Total Equip. 257 257 257 257 257 250 257
CRUSHER OPER. COSTS 16 16 16 16 16 16 16
CORPORATE OVERHEAD' 30 30 30 30 30 30 30
SUB TOTAL 948 948 948 948 948 941 948
CONTINGENCY (@15%) 142 142 142 142 142 141 142
TOTAL COST
1990 dollar 1090 1090 1090 1090 1090 1083 1090
Esc. Rate(@2%) 1.32 1.35 1.37 1.40 1.43 1.46 1.49
Escalated $ 1439 1467 1497 1527 1557 1577 1620
INSURANCE COSTS 8 5 7 5 19 14 12




YEAR 2011 2012 2013 2014 2015
MANNING
Drill Operator 1 1 1 1 1
Blaster 0.3 0.3 0.3 0.3 0.3
40T Truck Driver 4 4 4 4 4
18 Wheel Driver 4 4 4 4 4
Loader Operator 2 2 2 2 2
Dozer Operator 1 1 1 1 1
Crusher Operator 0.7 0.7 0.7 0.7 0.7
Laborer 1 1 1 1 1
Manager 1 1 1 1 1
Total Labor 15 15 15 15 15
NUMBER OF EQUIPMENT
Drill 1 1 1 1 1
Loader (pit) 1 1 1 1 1
40T Truck 4 4 4 4 4
18 Wheel Truck 4 4 4 4 4
Loader (stkp i1) 1 1 1 1 1
Bulldozer 1 1 1 1 1
ANFO Loader 1 1 1 1 1
Pickup 2 2 2 2 2
EQUIPMENT OPERATING HOURS
Drill 1450 1450 1450 1450 708
Loader (pit) 1250 1250 1250 1250 610
40T Truck 4585 4585 4585 4585 2340
18 Wheel Truck 5000 5000 5000 5000 2440
Loader (stkpil) 1250 1250 1250 1250 610




YEAR 2011 2012 2013 2014 2015
OPERATING COSTS ($1, 000)
LABOR COSTS
Operators($15/h) 390 390 390 390 190
Laborer ($12/h) 24 24 24 24 12
Manager 40 40 40 40 20
Fringe(25%) 114 114 114 114 56
Total Labor 568 568 568 568 278
EXPLOSIVES COSTS 77 77 77 77 38
EQUIPMENT OPER. COSTS
Drill 66 66 66 66 32
Loader (pit) 34 34 34 34 16
40T Truck 74 74 74 74 38
18 Wheel Truck 38 38 38 38 19
Loader (stkpil) 23 23 23 23 11
Bulldozer 22 22 22 22 11
Total Equip. 257 257 257 257 127
CRUSHER OP. COSTS 16 16 16 16 8
CORPORATE OVERHEAD' 30 30 30 30 15
SUB TOTAL 948 948 948 948 465
CONTINGENCY (§15%) 142 142 142 142 70
TOTAL COST
1990 dollar 1090 1090 1090 1090 535
Esc. Rate(§2%) 1.52 1.55 1.58 1.61 1.64
Escalated $ 1652 1685 1719 1754 878
INSURANCE COSTS 13 14 9 5 3
OPERATING COSTS 1665 1699 1728 1759 881
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The overall costs by the mechanical and the drill and 
blast mining methods were compared using after tax discounted 
cash flow analysis techniques. This analysis is commonly 
referred to simply as the discounted cash flow analysis which 
is widely used in the practical economic evaluation of 
investment decisions in different types of businesses.
7.2 After Tax Discounted Cash Flow Analysis 
A basic concept in the after tax discounted cash flow 
analysis is "Present Worth" or "Time Value of Money", and " 
Cash Flows" considerations. The cash flows can be calculated 
from the net inflow of money, such as revenue, and the net 
outflow, such as operating costs. Then, the time value of the 
cash flows is measured as an interest which is called the 
Discounted Cash Flow Rate of Return (DCFROR) . With this 
analysis, an investor can evaluate all the relevant economic 
factors that may affect the economic potential of investments 
systematically and quantitatively.
In this study, among a variety of techniques in the 
discounted cash flow analysis, "Present Worth Cost", "Uniform
T-3921 166
Annual Equivalent Revenue Required" and "Break-even Standard 
Cost per Unit of Production" were used as comparing measures 
between the two mining methods.
7.2.1 Present Worth Cost
The present worth, or present value, represents an amount 
of money at the present time (date of evaluation) which is 
equivalent to some sequence of future cash flows discounted at 
a specified interest rate. For an income-producing project, 
the Net Present Value (NPV) is calculated from future cash 
flows, which will be either plus or minus values. The present 
worth cost is the opposite of the NPV in sign conversion and 
represents an amount of cost at the present time which is
equivalent in value to a series of future costs. For a
service-producing project, where cash flows are always 
negative, the present worth cost is commonly used instead of 
NPV.
In this mine design study, the price of the wallboard 
plant delivered ore is not determined. However, the price per 
ton of ore is the same for the mechanical mining method and
the drill and blast method, and the scheduled annual ore
production is also identical. This means that the expected 
annual production revenues are equivalent for both mining 
methods. Therefore, the economics of the two mining methods
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can be compared by means of the present worth cost as equal 
service producing projects. The less the present worth cost, 
the better the choice.
7.2.2 Uniform Annual Equivalent
Revenue Required
Uniform Annual Equivalent Revenue Required (UAERR) is 
often used for evaluating the economics of service-producing 
projects. UAERR represents the break-even revenues required 
each year to yield a specified minimum ROR. Assuming that the 
comparing alternative projects give the same service, the 
project with the minimum revenue requirement is the economic 
choice. UAERR can be calculated using the following equation.
UAERR = AnnuaJ £<?uai Cost (7.1)(1 - Tax Ra te)
7.2.3 Break-even Standard Cost per
Unit of Production
Another approach to evaluating the economics of service- 
producing projects is to compare the break-even standard cost 
per unit of service, or production, for the alternative 
projects. The break-even standard cost is identical with the 
minimum required revenue for a unit of production, or the unit
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price, to achieve a specific minimum ROR. This technique can 
provide a straightforward approach for comparing economic 
differences between service-producing alternative projects 
that have different production rates every year. The break­
even standard cost per unit of production, ton of ore in this 
study, was calculated using the following equation.
B.E. Standard Cost - ---------P W ‘ CoSt--------  (7.2)
P.W. Production (1 -  Tax Rate)
7.3 Cash Flow Calculations 
Project annual,cash flows for the mechanical mining and 
the drill and blast mining methods were calculated using the 
cost data discussed in the preceding chapters. No revenues 
were assumed except salvage values for used equipment because 
the purpose of this cash flow calculations was cost analysis 
and the selling price of the gypsum ore was not determined.
In the first year, the operating costs included a 70% of 
the pre-production development costs. The capital costs 
consisted of equipment costs and a 30% of the pre-production 
development costs, which would be amortized in 5 years.
An effective federal income tax rate of 34% and the state
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of Colorado income tax rate of 5% were applied. The financial 
situation was assumed to be "Expense". This means that the 
project is not considered a stand alone and negative taxable 
income in any year from this project can be used against other 
business sources; therefore, the project is credited with tax 
savings from these deductions in the year incurred.
A 15% of minimum Rate of Return (ROR) was selected for 
this project. The minimum ROR generally reflects the rate of 
return that the investor feels represents other opportunities 
in which to invest available investment capital with a 
reasonable level of risk. Currently, many mining projects are 
proceeded with a minimum 15 to 20% ROR.
The evaluation date, or the present time, is January 1st, 
1990 and all values in this cash flow analysis are presented 
in escalated dollars.
7.4 Results
Calculated cash flows for the mechanical mining and the 
drill and blast mining methods are listed in Tables 26 and 27, 
respectively. The differences in operating costs and the cash 
flows are also shown in Figure 32.
For both mining methods, the operating costs increase 
each year because of the cost escalation, although the annual 
ore and waste production ratios are the same. However, there
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Table 26. Cash Flows for Mechanical Mining Method
Year 1990 1991 1992 1993 1994 1995 1996
Project Revenue 










































































Net Income -771 -955 -836 -844 -850 -786 -782
+Devel. Deductions 33 33 33 33 33
♦Depreciation 373 629 433 368 366 276 257
♦Book Writeoff
-Capital Costs -2597 -387









-Operating Costs -1008 -1032 -1054 -1075 -1095 -1115 -1140
-Property Tax -1 -7 -8 -9 -6 -4 -9
Net after Costs 
-Devel. Deductions
-1009 -1039 -1062 -1084 -1101 -1119 -1149
-Depreciation 
-Book Writeoff
-40 -115 -206 -199 -183 -138 -230
Taxable Income -1049 -1154 -1268 -1283 -1284 -1257 -1379
-State Tax @5% 52 58 63 64 64 63 69
Taxable Income -997 -1096 -1205 -1219 -1220 -1194 -1310
-Federal Tax @34% 339 373 410 414 415 406 445
Net Income 
♦Devel. Deductions





















-Operating Costs -1161 -1182 -1222 -1240 -1264 -1201 -■1184
-Property Tax -5 -3 -26 -18 -17 -18 -17
Net after Costs 
-Devel. Deductions
-1166 -1185 -1248 -1258 -1281 -1219 -1201
-Depreciation 
-Book Writeoff
-291 -166 -412 -598 -416 -420 -457
Taxable Income -1457 -1351 -1660 -1856 -1697 -1639 -1658
-State Tax §5% 73 68 83 93 85 82 83
Taxable Income -1384 -1283 -1577 -1763 -1612 -1557 -1575
-Federal Tax @34% 471 436 536 599 548 529 536
Net Income 
♦Devel. Deductions





















-Operating Costs -1141 -1159 -1181 -1203 -745
-Property Tax -11 -5 -4 -2 -1
Net after Costs 
-Devel. Deductions
-1152 -1164 -1185 -1205 -420
-Depreciation 
-Book Writeoff
-439 -382 -133 -126 -92
-37
Taxable Income -1591 -1546 -1318 -1331 -549
-State Tax @5% 80 77 66 67 27
Taxable Income -1511 -1469 -1252 -1264 -522
-Federal Tax @34% 514 499 426 430 177
Net Income 
+Devel. Deductions




439 382 133 126 92
37
Cash Flow -559 -587 -693 -709 -215
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Table 27. Cash Flows for Drill and Blast
Mining Method




-Operating Costs -925 -1067 -1081 -1098 -1115 -1202 -1221
-Property Tax -46 -32 -23 -16 -10 -10 -3















-579 -982 -685 -492 -421 -414 -455
Taxable Income -1583 -2114 -1822 -1639 -1579 -1626 -1679
-State Tax @5% 79 106 91 82 79 81 84
Taxable Income -1504 -2008 -1731 -1557 -1500 -1545 -1595
-Federal Tax @34% 511 683 589 529 510 525 542
Net Income -993 -1325 -1142 -1028 -990 -1020 -1053
♦Devel. Deductions 33 33 33 33 33 0 0





0 0 0 0 0
-403
0








-Operating Costs -1248 -1276 -1311 -1337 -1351 -1386 -1417
-Property Tax -8 -11 -11 -11 -7 -5 -9
Net after Costs 
-Devel. Deductions
-1256 -1287 -1322 -1348 -1358 -1391 -1426
-Depreciation 
-Book Writeoff
-133 -218 -262 -279 -259 -174 -271
Taxable Income -1389 -1505 -1584 -1627 -1617 -1565 -1697
-State Tax @5% 69 75 79 81 81 78 85
Taxable Income -1320 -1430 -1505 -1546 -1536 -1487 -1612
-Federal Tax @34% 449 486 512 526 522 505 548
Net Income -871 -944 -993 -1020 -1014 -981 -1064
♦Devel. Deductions 0 0 0 0 0 0 0
♦Depreciation 133 218 262 279 259 174 271
♦Book Writeoff 0 0 0 0 0 0 0
-Capital Costs -434 -428 -272 -288 -585





Year 2004 2005 2006 2007 2008 2009 2010
Project Revenue 
































































Net Income -1141 -1111 -1120 -1133 -1262 -1371 -1338
+Devel. Deductions 0 0 0 0 0 0 0
♦Depreciation 361 293 273 269 410 577 485
+Book Writeoff 0 0 0 0 0 0 0
-Capital Costs -499 -502 -1890 -351




Year 2011 2012 2013 2014 2015
Project Revenue 































Taxable Income -2140 -2249 -2220 -2170 -601













Net Income -1342 -1410 -1392 -1361 -377
+Devel. Deductions 0 0 0 0 0
♦Depreciation 456 531 479 404 177
♦Book Writeoff 0 0 0 0 322
-Capital Costs -573 -564
177




















(a) Operating Costs Comparison
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Figure 32. Costs Comparison between Mechanical Mining
and Drill and Blast Mining Methods
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are some exceptions. From 2008 to 2011, the decrease of waste 
development in the mechanical mining method results in the 
reduction of operating costs. The difference in the mining 
methods is clear. In any operating year, the drill and blast 
method requires 2 0 to 3 0% more operating costs. The amount of 
difference is calculated at approximately $200,000 to $300,000 
a year. This difference comes from the requirement to perform 
a series of drilling, blasting, loading and crushing 
operations instead of the single surface miner operation. Two 
additional operators are necessary and equipment operating 
costs for the combination of drill, loader and crusher are 
higher than those for the surface drum miner by approximately 
40%.
In the cash flows, negative peaks are found in the first 
year, 1990, and in 2006 for the mechanical mining method, and 
in 1990 and in 2008 for the drill and blast method. In 1990, 
the amount of cash outflow is estimated at about 3 million 
dollars for the mechanical mining method and 4.4 million 
dollars for the drill and blast method. The first year 
capital costs are 2.5 million dollars and 4 million dollars 
for the two methods, respectively. The requirements of a 
crushing plant, drill, loader and ANFO loader result in a 55% 
higher capital costs for the drill and blast method. Of this 
55%, the 43% is used for the construction of the crushing
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plant and the remaining 12% comes from the price difference 
between the surface miner and the combination of the drill and 
loader. The main reason for the negative cash flow peaks in 
2 006 and 2 008 is the replacement of the off-highway dump 
trucks. An earlier replacement is necessary for the 
mechanical mining method because of the larger annual waste 
handling.
Table 28 summarizes the results of costs comparison. The 
present worth cost is calculated to be approximately 6 million 
dollars for the mechanical mining method and 8 million dollars 
for the drill and blast method. Because a lower present worth 
cost indicates a better choice for equal service producing 
projects, the mechanical mining method is the better economic 
choice for this project. The calculated break-even standard 
cost per ton of ore is $4.10 for the mechanical mining method 
and $5.37 for the drill and blast method. This means that a 
15% of ROR can be achieved by this project at $4.10 per ton of 
the plant delivered ore price with the mechanical mining 
method and at $5.37 per ton with the drill and blast method. 
The mechanical mining provides better competitive position.
However, these calculated break-even standard costs are 
considered unsuitable for the comparison with the current 
gypsum price because the break-even standard costs represent 
the fixed prices throughout the 25 years project period. The
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Table 28. Economics Comparison between Mechanical Mining
and Drill and Blast Mining Methods
Mechanical Mining 
Method
Drill and Blast 
Method
($1,000)
Present Worth Cost 
(Jan. 1, 1990) 6,213 8,144





Cost per Ton of Ore 




actual gypsum prices have been changed every year. For 
example, the representative gypsum price (FOB mine) was $4.18 
per ton in 1973 and $6.66 per ton in 1988. This shows 59% 
increase for 15 years and 3% escalation per year on average. 
Therefore, the price escalation should be taken into account 
for the evaluation of marketability.
As stated before, the capital costs and operating costs 
include 2% cost escalation every year. Assuming the same 2% 
of escalation for the gypsum price in every year, the cash 
flows were again analyzed with several ROR values. Figure 3 3 
shows the relationship between the calculated break-even 
prices in 199Q and attainable ROR. For the mechanical mining 
method, in order to achieve a 15% ROR, the required gypsum 
price is $3.59 per ton in 1990 with 2% yearly price escalation 
thereafter. For the drill and blast method, the required 1990 
price is $4.60 per ton. When the required ROR is 10% instead 
of 15%, the 1990 break-even price is reduced to $3.28 per ton 
for the mechanical mining method and $4.15 per ton for the 
drill and blast method.
Currently, the delivered price of crude gypsum ranges 
between $6 and $8 per ton in the U.S. Therefore, it can be 
concluded that the new gypsum mine evaluated in this thesis is 
an economically viable project, especially with the 
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The major findings of this thesis can be summarized as
follows:
1. The laboratory linear cutting tests and the physical 
property measurements have shown that the gypsum and 
overburden material used in this study are suitable to 
economical excavation by drag bit cutting tools.
2. The results of the linear cutting tests indicated that 
the maximum cutting efficiency can be achieved in gypsum 
and the overburden material when the spacing between 
adjacent bits is 3 to 4 times the depth of penetration. 
Under these cutting conditions, the specific energy was 
estimated at 2.0 hp-hr/yd3 for a 0.5 in. bit penetration.
3. The comparison of cutting efficiency between the conical 
pick and the plow bit showed that although both types of 
bit are capable of excavating gypsum, the conical pick is 
considered more efficient because it can penetrate deeper 
and the cuts can be spaced wider than the plow bit.
4. The results of Cerchar indirect wear measurements as well 
as the visual examination of bit wear during the linear 
cutting tests showed that the tested gypsum and 
overburden material have very little abrasivity.
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5. The size distribution analysis of the cuttings showed the 
product size to be a function of rock type, bit geometry, 
and the cut spacing and penetration. For the same cut 
depth and spacing, the plow bit produced larger cuttings 
than the conical pick. For the same bit, a larger size 
product was obtained by deeper and more widely spaced 
cutting, as would be expected.
6. Two designs of drum lacing-patterns were developed for 
surface mechanical miners based on the analysis and 
evaluations of laboratory cutting data. These included 
50 in. cutting drums having 8 in. and 4 in. spaced bit 
lacing patterns. With the 8 in. design, the calculations 
showed that approximately 1,000 yd3/hr (bank) of gypsum 
can be mined using a 1,000 hp, 50 ton machine operating 
at a 10 in. drum plunge depth and a 30 rpm drum 
rotational speed. The estimated specific energy is
1.02 hp-hr/yd3. With a 4 in. bit spacing, 500 yd3/hr 
(bank) of gypsum can be produced by a 700 hp, 3 5 ton 
machine at the same drum plunge depth and drum rotational 
speed. The specific energy in this case is
1.32 hp-hr/yd3. The overburden material can be excavated 
with the drum having the 4 in. bit lacing pattern; 
however, a more powerful (1,100 hp) and heavier (85 tons) 
machine is required to attain the same production rate of
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500 yd3/hr. The estimated specific energy is increased 
to 2.24 hp-hr/yd3.
An economic evaluation of the mechanical mining method 
was conducted in comparison to the conventional drill and 
blast mining method. The major conclusions of this analysis 
can be summarized as follows:
1. Ore reserve estimations using the geostatistical methods 
revealed sufficient reserves to sustain a planned annual 
gypsum production of 400,000 tons for 25 years. Based on 
the available exploration data, the calculations showed 
the existence of about 11 million tons of gypsum above 
80% grade with an average grade of 87.5%.
2. The final pit limit was designed with a 45° slope and a 
65° face angle. A total of 10 benches, each 
approximately 25 ft in height, was assumed for the mining 
plan. The ore reserves and the total waste were 
estimated to be 10,045,000 and 4,946,800 tons, 
respectively, including in-pit road development. The 
overall stripping ratio was 0.49. This pit design was 
adopted both for the mechanical mining and the drill and 
blast methods.
3. Generally, the mechanical mining method requires wider 
working benches and a slice by slice operation to ensure 
the maximum operating efficiency for the surface miner.
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This resulted in the requirement of handling 230,000 tons 
of waste annually for the first 18 years in order to 
achieve 400,000 tons of ore production per year. On the 
other hand, the required waste handling with the drill 
and blast method can be reduced to a uniform 2 00,000 tons 
per year for the project duration because of the 
flexibility in selecting operating benches. Lack of this 
operational flexibility is a major drawback of the 
mechanical mining method.
4.. The required pre-production work, such as access road 
construction, leveling of the stockpile area and pit 
preparation, was same for both mining methods. However, 
the construction of a crushing plant was necessary as 
additional development for the drill and blast method.
5. The required type of mining machinery was selected after
an extensive review of various mining equipment on the 
market with the capability to meet the required 
production rates, as well as the availability of accurate 
cost data.
6 . The drill and blast method resulted in higher annual
operating costs than the mechanical mining method because
of the requirement to conduct the cyclic drilling, 
blasting, loading and crushing operations instead of the 
single surface miner operation. Two additional operators
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were considered necessary and the equipment operating 
costs for the combination of drill, loader and crusher 
were higher than those for the surface miner by about 
40%.
7. Assuming that all equipment is new, the capital costs in 
the first year were estimated to be about 55% higher for 
the drill and blast method. The construction of a 
crushing plant was the major factor to this increased 
cost. In the following years, the difference in capital 
costs between the drill and blast and the mechanical 
mining methods was small.
8 . The after tax discounted cash flow analysis indicated 
clearly that the mechanical mining method is the better 
choice for this project. The present worth costs were 
calculated to be $6,213,000 for the mechanical mining 
method and $8,144,000 for the drill and blast method, 
utilizing a 15% minimum ROR.
9. The calculated break-even standard cost per ton of ore is 
$4.10 for the mechanical mining method and $5.37 for the 
drill and blast method. This means that a 15% ROR can be 
achieved by this project at $4.10 per ton of the plant 
delivered ore price throughout the project period with 
the mechanical mining method. With the drill and blast 
method, the required price to attain a 15% ROR is $5.37
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per ton throughout the project period.
10. Assuming 2% of yearly price escalation for gypsum, the 
break-even gypsum price in 1990 is calculated at $3.59 
per ton for the mechanical mining method and $4.60 per 
ton for the drill and blast method. The applied ROR is 
15%. Considering a $6 to $8 per ton current price for 
crude gypsum, ore production using mechanical miners 
presents an economically viable business venture.
In summary, the application of mechanical surface miners 
at the Eagle-Gypsum mine is considered a viable option both 
from a technical and an economic stand points. In comparison 
to conventional drill and blast methods, the mechanical mining 
method was found to require less labor, lower equipment 
operating costs and even less capital costs. The mechanical 
mining method offers additional advantages in terms of 
personnel safety and enhanced work environment due to 
elimination of blasting. The overall mining costs using 





Because this study was conducted for a specific gypsum 
deposit, it is felt that additional testing and analysis are 
necessary to develop a more accurate assessment of the 
feasibility of using mechanical miners in gypsum. Some of the 
areas recommended for further research are listed below:
1. Laboratory tests, including physical property 
measurements and linear cutting tests for various types 
of gypsum, should be conducted in order to investigate 
the effect of woody texture and plasticity on 
cuttability. Also, cutting tests in various overburden 
and the interbed rock should be carried out. If 
feasible, linear cutting tests should be performed at a 
wider range of penetration to spacing ratios. In 
addition, deeper penetrations should be investigated, in 
particular for gypsum exhibiting woody texture and 
plastic behavior.
2. Tests should be run to assess the applicability of other 
types of bits such as simple chisel. Because gypsum has 
low abrasivity, the simple chisel may provide a more 
efficient cutting operation in terms of specific energy 
requirements.
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3. Bit wear and its relation to cutting parameters needs 
further evaluation. Bit wear is an important 
contributing factor to overall operating costs, as well 
as machine productivity. Although bit wear was not 
measurable in this test program, long term laboratory and 
field testing could indicate a trend.
4. Extensive field trials of mechanical miners in various 
types of gypsum are necessary in order to develop a data 
base for the utilization and operating costs of the 
machines.
5. Further studies should be conducted in the area of mine 
design to fully exploit the advantages offered by 
mechanical mining methods. Because mechanical mining 
causes very little ground disturbance as opposed to drill 
and blast, the pit may be designed with steeper face and 
slope angles, as well as higher benches, resulting in a 
significant reduction of capital and operating costs.
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Average Penetration at Intended 











1.5 1.6 1.7 1.8 1.9
25 0. 64 0. 70 0.77 0.83 0.90 0.96 1.03 1. 10 1. 15 1.22
20 0.58 0.64 0.70 0.76 0.83 0.89 0.95 1.01 1. 06 1. 11
15 0.51 0.56 0. 62 0.67 0.72 0.78 0.83 0. 88 0.92 0.98
10 0.42 0.47 0.51 0.55 0.59 0.64 0.68 0.72 0.76 0 . 79
5 0.30 0.34 0.37 0.40 0.43 0.46 0.49 0.52 0. 54 0. 57
Plunge Advance betweeni Cutsi (in/cut)
(in) 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9
25 1.28 1.35 1.42 1.48 1.55 1.62 1.68 1.73 1.80 1.87
20 1.17 1.23 1.29 1.35 1.41 1.47 1.53 1.57 1.63 1.69
15 1.02 1.08 1.13 1.18 1.24 1.29 1.34 1.38 1.43 1.48
10 0.84 0.88 0.92 0.97 1.01 1.05 1.09 1.12 1.16 1.20
5 0.60 0.63 0.66 0.69 0.72 0.75 0.78 0.79 0.82 0.85
Plunge Advance betweeni Cuts (in/cut)
(in) 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9
25 1.93 2.00 2.07 2.14 2.21 2.25 2.32 2.39 2.46 2.52
20 1.76 1.82 1.88 1.94 2.01 2.04 2.11 2.16 2.22 2.28
15 1.53 1.59 1.64 1.69 1.75 1.78 1.83 1.88 1.93 1.99
10 1.25 1.29 1.33 1.37 1.42 1.44 1.48 1.52 1.56 1.60
5 0.88 0.91 0.94 0.97 1.00 1.00 1.03 1.06 1.09 1.12
Plunge Advance betweeni Cuts (in/cut)
(in) 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9
2 5 2.59 2.66 2.73 2.80 2.84 2.91 2.98 3.05 3.12 3.19
20 2.34 2.41 2.47 2.53 2.56 2.63 2.69 2.75 2.82 2 .88
15 2.04 2.09 2.15 2.20 2.23 2.28 2.33 2.38 2.44 2.49
10 1.65 1.69 1.73 1.77 1.79 1.83 1.87 1.92 1.96 2.00





Advance between Cuts (in/cut) 






3.33 3.40 3.44 3.51 3.58 3.65 
3.01 3.06 3.09 3.15 3.22 3.28 
2.60 2.66 2.67 2.72 2.78 2.83 
2.09 2.13 2.13 2.18 2.22 2.26 
1.43 1.46 1.46 1.48 1.51 1.54
3 . 72 
3 . 35 
2 . 89 
2 .31 
1. 57
3 . 79 
3.41 
2 . 94 
2 .34 
1. 60
3 . 87 
3 .47 
3 . 00 




Advance between Cuts (in/cut) 
6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9
5 1.65 1.64 1.67 1.70 1.72 1.75 1.78 1.80 1.83 1.86
Plunge 
(in) 7.0
Advance between Cuts (in/cut) 
7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9
5 1.84 1.87 1.89 1.92 1.95 1.98 2.00 2.03 2 . 05 2 . 04
Plunge 
(in) 8.0
Advance between Cuts (in/cut) 
8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9
5 2.06 2.09 2.11 2.14 2.16 2.19 2.21 2.19 2.22 2.24
Plunge 
(in) 9.0
Advance between Cuts (in/cut) 
9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9
5 2.27 2.29 2.32 2.34 2.37 2.39 2.36 2.39 2.41 2.44
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Gypsum, 8" Spacing Cutting System, 25" Cutting Depth 
Drum Width: 10 (ft)
Drum Dia. : 4 0 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 25.00
No. of Working Bit: 20.00
Hori. Advance (in/cut): 3.60
Normal Force H. Comp.: 0.61
V. Comp.: 0.65
Rolling Resistance (%): 2.00
(lbs)
(lbs)





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 1.20 56 56 4 60 1.07 62
2 0.44 2.40 111 111 8 119 1. 07 62
3 0.65 3.60 167 167 12 179 1.07 62
4 0.87 4.80 222 222 16 238 1.07 62
5 1.09 6.00 278 278 20 298 1.07 62
6 1.31 7.20 333 333 24 358 1.07 62
7 1.53 8.40 389 389 29 417 1. 07 62
8 1.75 9.60 444 444 33 477 1.07 62
9 1.96 10.80 500 500 37 537 1. 07 62
10 2.18 12.00 556 555 41 596 1.07 62
11 2.40 13.20 611 611 45 656 1. 07 62
12 2.62 14.40 667 666 49 715 1. 07 62
13 2.84 15.60 722 722 53 775 1.07 62
14 3.05 16.80 778 111 57 835 1.07 62
15 3.27 18.00 833 833 61 894 1.07 62
16 3.49 19.20 889 889 65 954 1.07 62
17 3.71 20.40 944 944 69 1013 1.07 62
18 3.93 21.60 1000 1000 74 1073 1.07 62
19 4.15 22.80 1056 1055 78 1133 1.07 62
20 4.36 24.00 1111 1111 82 1192 1.07 62
21 4.58 25.20 1167 1166 86 1252 1.07 62
22 4.80 26.40 1222 1222 90 1312 1.07 62
23 5.02 27.60 1278 1277 94 1371 1. 07 62
24 5.24 28.80 1333 1333 98 1431 1. 07 62
25 5.45 30.00 1389 1388 102 1490 1.07 62
26 5.67 31.20 1444 1444 106 1550 1.07 62
27 5.89 32.40 1500 1499 110 1610 1.07 62
28 6.11 33.60 1556 1555 114 1669 1.07 62
29 6.33 34.80 1611 1610 118 1729 1.07 62









Gypsum, 8" Spacing Cutting System, 2 0" Cutting Depth 
Drum Width: 10 (ft)
Drum Dia. : 40 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4 
Drum Plunge Depth (in): 20.00
No. of Working Bit: 16.00
Hori. Advance (in/cut): 3.90
Normal Force H. Comp.: 0.55
V . Comp.: 0.73





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 1.30 48 44 3 48 0.99 53
2 0.44 2.60 96 89 6 95 0.99 53
3 0.65 3.90 144 133 10 143 0.99 53
4 0.87 5.20 193 178 13 191 0.99 53
5 1.09 6.50 241 222 16 238 0.99 53
6 1.31 7.80 289 267 19 286 0.99 53
7 1.53 9.10 337 311 22 333 0.99 53
8 1.75 10.40 385 355 26 381 0. 99 53
9 1.96 11.70 433 400 29 429 0.99 53
10 2.18 13.00 481 444 32 476 0. 99 53
11 2.40 14.30 530 489 35 524 0.99 53
12 2.62 15.60 578 533 38 572 0. 99 53
13 2.84 16.90 626 578 42 619 0.99 53
14 3.05 18.20 674 622 45 667 0.99 53
15 3.27 19.50 722 666 48 714 0.99 53
16 3.49 20.80 770 711 51 762 0.99 53
17 3.71 22.10 819 755 54 810 0.99 53
18 3.93 23.40 867 800 58 857 0.99 53
19 4.15 24.70 915 844 61 905 0.99 53
20 4.3 6 26.00 963 889 64 953 0.99 53
21 4.58 27.30 1011 933 67 1000 0.99 53
22 4.80 28.60 1059 977 70 1048 0.99 53
23 5.02 29.90 1107 1022 74 1095 0. 99 53
24 5.24 31.20 1156 1066 77 1143 0.99 53
25 5.45 32.50 1204 1111 80 1191 0.99 53
26 5.67 33.80 1252 1155 83 1238 0.99 53
27 5.89 35.10 1300 1200 86 1286 0.99 53
28 6.11 36.40 1348 1244 90 1334 0.99 53
29 6.33 37.70 1396 1288 93 1381 0.99 53







Gypsum, 8" Spacing Cutting System, 15" Cutting Depth 
Drum Width: 10 (ft)
Drum Dia. : 40 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 15.00
No. of Working Bit: 12.00
Hori. Advance (in/cut): 4.50
Normal Force H. Comp.: 0.47
V. Comp.: 0.88
Rolling Resistance (%): 2.00
(lbs)
(lbs)
(Same as 10" depth) 





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 1.50 42 33 2 36 0.86 48
2 0.44 3.00 83 67 5 71 0.86 48
3 0.65 4.50 125 100 7 107 0.86 48
4 0.87 6.00 167 133 10 143 0.86 48
5 1.09 7.50 208 167 12 179 0.86 48
6 1.31 9.00 250 200 14 214 0.86 48
7 1.53 10.50 292 233 17 250 0.86 48
8 1.75 12.00 333 267 19 286 0.86 48
9 1.96 13.50 375 300 22 321 0.86 48
10 2.18 15.00 417 333 24 357 0.86 48
11 2.40 16.50 458 367 26 393 0.86 48
12 2.62 18.00 500 400 29 429 0.86 48
13 2.84 19.50 542 433 31 464 0.86 48
14 3.05 21.00 583 466 34 500 0.86 48
15 3.27 22.50 625 500 36 536 0.86 48
16 3.49 24.00 667 533 38 571 0.86 48
17 3.71 25.50 708 566 41 607 0.86 48
18 3.93 27.00 750 600 43 643 0.86 48
19 4.15 28.50 792 633 45 679 0.86 48
20 4.36 30.00 833 666 48 714 0.86 48
21 4.58 31.50 875 700 50 750 0.86 48
22 4.80 33.00 917 733 53 786 0.86 48
23 5.02 34.50 958 766 55 821 0.86 48
24 5.24 36.00 1000 800 57 857 0.86 48
25 5.45 37.50 1042 833 60 893 0.86 48
26 5.67 39.00 1083 866 62 929 0.86 48
27 5.89 40.50 1125 900 65 964 0.86 48
28 6.11 42.00 1167 933 67 1000 0.86 48
29 6.33 43.50 1208 966 69 1036 0.86 48







Gypsum, 8" Spacing Cutting System, 10" Cutting Depth 
Drum Width: 10 (ft)
Drum Dia. : 4 0 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 10.00
No. of Working Bit: 12.00
Hori. Advance (in/cut): 5.70
Normal Force H. Comp.: 0.37
V . Comp.: 0.88
Rolling Resistance (%): 2.00
(lbs)
(lbs)





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach. 
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 1.90 35 33 2 36 1.02 48
2 0.44 3.80 70 67 5 71 1.02 48
3 0.65 5.70 106 100 7 107 1. 02 48
4 0.87 7.60 141 133 10 143 1.02 48
5 1.09 9.50 176 167 12 179 1.02 48
6 1.31 11.40 211 200 14 214 1.02 48
7 1.53 13.30 246 233 17 250 1.02 48
8 1.75 15.20 281 267 19 286 1.02 48
9 1.96 17.10 317 300 22 322 1.02 48
10 2.18 19.00 352 333 24 357 1.02 48
11 2.40 20.90 387 367 27 393 1.02 48
12 2.62 22.80 422 400 29 429 1.02 48
13 2.84 24.70 457 433 31 464 1.02 48
14 3.05 26.60 493 466 34 500 1.02 48
15 3.27 28.50 528 500 36 536 1.02 48
16 3.49 30.40 563 533 39 572 1.02 48
17 3.71 32.30 598 566 41 607 1.02 48
18 3.93 34.20 633 600 43 643 1.02 48
19 4.15 36.10 669 633 46 679 1.02 48
20 4.36 38.00 704 666 48 715 1.02 48
21 4.58 39.90 739 700 51 750 1.02 48
22 4.80 41.80 774 733 53 786 1.02 48
23 5.02 43.70 809 766 55 822 1.02 48
24 5.24 45.60 844 800 58 858 1. 02 48
25 5.45 47.50 880 833 60 893 1.02 48
26 5.67 49.40 915 866 63 929 1. 02 48
27 5.89 51.30 950 900 65 965 1.02 48
28 6.11 53.20 985 933 67 1000 1.02 48
29 6.33 55.10 1020 966 70 1036 1.02 48







Gypsum, 8M Spacing Cutting System, 5" Cutting Depth 
Drum Width: 10 (ft)
Drum Dia. : 4 0 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 5.00
No. of Working Bit: 8.00
Hori. Advance (in/cut): 9.10



















Cutting Power S 
Drum Mach. Total 
Rot. Adv. Output 




1 0.22 3.03 28 22 2 24 0. 85 34
2 0.44 6.07 56 44 3 48 0.85 34
3 0. 65 9.10 84 67 5 72 0.85 34
4 0.87 12.13 112 89 7 95 0.85 34
5 1.09 15.17 140 111 8 119 0.85 34
6 1.31 18.20 169 133 10 143 0.85 34
7 1.53 21.23 197 155 12 167 0.85 34
8 1.75 24.27 225 178 13 191 0.85 34
9 1.96 27.30 253 200 15 215 0.85 34
10 2.18 30. 33 281 222 16 239 0.85 34
11 2.40 33.37 309 244 18 262 0.85 34
12 2.62 36.40 337 267 20 286 0.85 34
13 2.84 39.43 365 289 21 310 0.85 34
14 3.05 42.47 393 311 23 334 0.85 34
15 3.27 45.50 421 333 25 358 0.85 34
16 3.49 48.53 449 355 26 382 0.85 34
17 3.71 51.57 477 378 28 406 0.85 34
18 3 .93 54.60 506 400 30 429 0.85 34
19 4.15 57.63 534 422 31 453 0.85 34
20 4.36 60.67 562 444 33 477 0.85 34
21 4.58 63.70 590 466 35 501 0.85 34
22 4.80 66.73 618 489 36 525 0.85 34
23 5.02 69.77 646 511 38 549 0.85 34
24 5.24 72.80 674 533 40 573 0.85 34
25 5.45 75.83 702 555 41 596 0.85 34
26 5.67 78.87 730 578 43 620 0.85 34
27 5.89 81.90 758 600 44 644 0.85 34
28 6.11 84.93 786 622 46 668 0.85 34
29 6.33 87.97 815 644 48 692 0.85 34
30 6.54 91.00 843 666 49 716 0.85 34
T-3921 205
Gypsum, 4" Spacing Cutting System, 2 5" Depth 
Drum Width: 10 (ft)
Drum Dia. : 4 0 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge depth (in): 2 5.00
No. of Working Bit: 35.00
Hori. Advance (in/Array): 1.90
Normal Force H. Comp.: 0.62
V. Comp.: 0.64
Rolling Resistance (%): 2.00
Bit Forces
Ave. Normal: 4 000 (lbs)
Ave. Drag : 3 000 (lbs)





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 0.63 29 42 2 43 1.48 49
2 0.44 1. 27 59 83 3 87 1.48 49
3 0. 65 1.90 88 125 5 130 1.48 49
4 0.87 2.53 117 167 7 173 1.48 49
5 1. 09 3.17 147 208 9 217 1.48 49
6 1.31 3.80 176 250 10 260 1.48 49
7 1.53 4.43 205 292 12 303 1.48 49
8 1.75 5.07 235 333 14 347 1.48 49
9 1.96 5.70 264 375 15 390 1.48 49
10 2.18 6.33 293 416 17 434 1.48 49
11 2.40 6.97 323 458 19 477 1.48 49
12 2.62 7.60 352 500 20 520 1.48 49
13 2.84 8.23 381 541 22 564 1.48 49
14 3.05 8.87 410 583 24 607 1.48 49
15 3.27 9.50 440 625 26 650 1.48 49
16 3.49 10.13 469 666 27 694 1.48 49
17 3.71 10.77 498 708 29 737 1.48 49
18 3.93 11.40 528 750 31 780 1.48 49
19 4.15 12.03 557 791 32 824 1.48 49
20 4. 36 12.67 586 833 34 867 1.48 49
21 4.58 13.30 616 875 36 910 1.48 49
22 4.80 13.93 645 916 37 954 1.48 49
23 5.02 14.57 674 958 39 997 1.48 49
24 5.24 15.20 704 1000 41 1040 1.48 49
25 5.45 15.83 733 1041 43 1084 1.48 49
26 5.67 16.47 762 1083 44 1127 1.48 49
27 5.89 17.10 792 1125 46 1171 1.48 49
28 6.11 17.73 821 1166 48 1214 1.48 49
29 6.33 18.37 850 1208 49 1257 1.48 49
30 6.54 19.00 880 1249 51 1301 1.48 49
T-3921 206
Gypsum, 4" Spacing Cutting System, 20" Depth 
Drum Width: 10 (ft)
Drum Dia. : 4 0 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 20.00
No. of Working Bit: 31.00
Hori. Advance (in/Array): 2.10
Normal Force H. Comp.: 0.56
V . Comp.: 0.72
Rolling Resistance (%): 2.00
Bit Forces
Ave. Normal: 4000 (lbs)
Ave. Drag : 3 000 (lbs)





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach. 
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 0.70 26 37 2 38 1.48 45
2 0.44 1.40 52 74 3 77 1.48 45
3 0.65 2.10 78 111 5 115 1.48 45
4 0.87 2.80 104 148 6 154 1.48 45
5 1.09 3.50 130 184 8 192 1.48 45
6 1.31 4.20 156 221 9 230 1.48 45
7 1.53 4.90 181 258 11 269 1.48 45
8 1.75 5.60 207 295 12 307 1.48 45
9 1.96 6.30 233 332 14 346 1.48 45
10 2.18 7.00 259 369 15 384 1.48 45
11 2.40 7.70 285 406 17 422 1.48 45
12 2.62 8.40 311 443 18 461 1.48 45
13 2.84 9.10 337 480 20 499 1.48 45
14 3.05 9.80 363 516 21 538 1.48 45
15 3.27 10.50 389 553 23 576 1.48 45
16 3.49 11.20 415 590 24 614 1.48 45
17 3.71 11.90 441 627 26 653 1.48 45
18 3.93 12.60 467 664 27 691 1.48 45
19 4.15 13.30 493 701 29 730 1.48 45
20 4.36 14.00 519 738 30 768 1.48 45
21 4.58 14.70 544 775 32 806 1.48 45
22 4.80 15.40 570 812 33 845 1.48 45
23 5.02 16.10 596 848 35 883 1.48 45
24 5.24 16.80 622 885 36 922 1.48 45
25 5.45 17.50 648 922 38 960 1.48 45
26 5.67 18.20 674 959 39 998 1.48 45
27 5.89 18.90 700 996 41 1037 1.48 45
28 6.11 19.60 726 1033 42 1075 1.48 45
29 6.33 20.30 752 1070 44 1114 1.48 45





Gypsum, 4" Spacing Cutting System, 15" Depth 
Drum Width: 10 (ft)
Drum Dia. : 40 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 15.00
No. of Working Bit: 27.00
Hori. Advance (in/Array): 2.40







2.00 Coeff. of traction: 0.90
Drum Bit Advance Prod. Cutting Power S.E. Mach.







rpm ft/sec ft/min cyd/hr hp hp hp hp-hr/cy tons
1 0.22 0.80 22 32 1 33 1.51 43
2 0.44 1.60 44 64 3 67 1.51 43
3 0.65 2.40 67 96 4 100 1.51 43
4 0.87 3.20 89 129 5 134 1.51 43
5 1.09 4.00 111 161 7 167 1.51 43
6 1.31 4.80 133 193 8 201 1.51 43
7 1.53 5.60 156 225 9 234 1.51 43
8 1.75 6.40 178 257 11 268 1.51 43
9 1.96 7.20 200 289 12 301 1.51 43
10 2.18 8.00 222 321 13 335 1.51 43
11 2.40 8.80 244 353 15 368 1.51 43
.12 2.62 9.60 267 386 16 401 1.51 43
13 2.84 10.40 289 418 17 435 1.51 43
14 3.05 11.20 311 450 19 468 1.51 43
15 3.27 12.00 333 482 20 502 1.51 43
16 3.49 12.80 356 514 21 535 1.51 43
17 3.71 13.60 378 546 23 569 1.51 43
18 3.93 14.40 400 578 24 602 1.51 43
19 4.15 15.20 422 610 25 636 1.51 43
20 4.36 16.00 444 643 26 669 1.51 43
21 4.58 16.80 467 675 28 703 1.51 43
22 4.80 17.60 489 707 29 736 1.51 43
23 5.02 18.40 511 739 30 769 1.51 43
24 5.24 19.20 533 771 32 803 1.51 43
25 5.45 20.00 556 803 33 836 1.51 43
26 5.67 20.80 578 835 34 870 1.51 43
27 5.89 21.60 600 868 36 903 1.51 43
28 6.11 22.40 622 900 37 937 1.51 43
29 6.33 23.20 644 932 38 970 1.51 43
30 6.54 24.00 667 964 40 1004 1.51 43
T-3921 208
Gypsum, 4" Spacing Cutting System, 10" Depth 
Drum Width: 10 (ft)
Drum Dia. : 4 0 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 10.00
No. of Working Bit: 19.00
Hori. Advance (in/Array): 2.90
Normal Force H. Comp.: 0.41
V . Comp.: 0.86
Rolling Resistance (%): 2.00
Bit Forces
Ave. Normal: 4000 (lbs)
Ave. Drag : 3 000 (lbs)





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 0.97 18 23 1 24 1.32 33
2 0.44 1.93 36 45 2 47 1.32 33
3 0.65 2.90 54 68 3 71 1.32 33
4 0.87 3.87 72 90 4 94 1.32 33
5 1.09 4.83 90 113 5 118 1. 32 33
6 1.31 5.80 107 136 6 141 1. 32 33
7 1.53 6.77 125 158 7 165 1. 32 33
8 1.75 7.73 143 181 8 188 1. 32 33
9 1.96 8.70 161 203 9 212 1. 32 33
10 2.18 9.67 179 226 10 236 1.32 33
11 2.40 10.63 197 249 10 259 1.32 33
12 2.62 11.60 215 271 11 283 1. 32 33
13 2.84 12.57 233 294 12 306 1.32 33
14 3.05 13.53 251 317 13 330 1.32 33
15 3.27 14.50 269 339 14 353 1.32 33
16 3.49 15.47 286 362 15 377 1.32 33
17 3.71 16.43 304 384 16 401 1.32 33
18 3.93 17.40 322 407 17 424 1.32 33
19 4.15 18.37 340 430 18 448 1.32 33
20 4. 36 19.33 358 452 19 471 1.32 33
21 4.58 20.30 376 475 20 495 1. 32 33
22 4.80 21.27 394 497 21 518 1.32 33
23 5.02 22.23 412 520 22 542 1.32 33
24 5.24 23.20 430 543 23 565 1.32 33
25 5.45 24.17 448 565 24 589 1.32 33
26 5.67 25.13 465 588 25 613 1.32 33
27 5.89 26.10 483 610 26 636 1.32 33
28 6.11 27.07 501 633 27 660 1.32 33
29 6.33 28.03 519 656 28 683 1.32 33
30 6.54 29.00 537 678 29 707 1.32 33
T-3921 209
Gypsum, 4" Spacing Cutting System, 5" Depth 
Drum Width: 10 (ft)
Drum Dia. : 40 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 5.00
No. of Working Bit: 15.00
Hori. Advance (in/Array): 4.40
Normal Force H. Comp.: 0.27
V. Comp.: 0.94
Rolling Resistance (%): 2.00
Bit Forces
Ave. Normal: 4000 (lbs)
Ave. Drag : 3 000 (lbs)





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 1.47 14 18 1 19 1.37 28
2 0.44 2.93 27 36 2 37 1. 37 28
3 0.65 4.40 41 54 2 56 1.37 28
4 0.87 5.87 54 71 3 74 1.37 28
5 1.09 7.33 68 89 4 93 1.37 28
6 1.31 8.80 81 107 5 112 1. 37 28
7 1.53 10.27 95 125 5 130 1.37 28
8 1.75 11.73 109 143 6 149 1. 37 28
9 1.96 13.20 122 161 7 168 1.37 28
10 2.18 14.67 136 178 8 186 1. 37 28
11 2.40 16.13 149 196 8 205 1.37 28
12 2.62 17.60 163 214 9 223 1.37 28
13 2 .84 19.07 177 232 10 242 1.37 28
14 3.05 20.53 190 250 11 261 1. 37 28
15 3.27 22.00 204 268 12 279 1. 37 28
16 3.49 23.47 217 286 12 298 1.37 28
17 3.71 24.93 231 303 13 317 1.37 28
18 3 .93 26.40 244 321 14 335 1.37 28
19 4.15 27.87 258 339 15 354 1.37 28
20 4.36 29.33 272 357 ,15 372 1.37 28
21 4.58 30.80 285 375 16 391 1.37 28
22 4.80 32.27 299 393 17 410 1.37 28
23 5.02 33.73 312 411 18 428 1.37 28
24 5.24 35.20 326 428 18 447 1.37 28
25 5.45 36.67 340 446 19 466 1.37 28
26 5.67 38.13 353 464 20 484 1.37 28
27 5.89 39.60 367 482 21 503 1.37 28
28 6.11 41.07 380 500 22 521 1.37 28
29 6.33 42.53 394 518 22 540 1.37 28
30 6.54 44.00 407 535 23 559 1.37 28
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Overburden, 4" Spacing Cutting 
Drum Width: 10 (ft)
Drum Dia. : 40 (in)
Cutting Point Dia. : 50 (in) 
Cutting Arrays: 4 
Drum Plunge Depth (in): 2 5
No. of Working Bit: 3 5
Hori. Advance (in/Array): 1
Normal Force H. Comp.: 0
V. Comp.: 0
Rolling Resistance (%): 2
System, 2 5" Depth 
Bit Forces
Ave. Normal : 10000 (lbs) 











rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 0.63 29 69 4 74 2.51 123
2 0.44 1.27 59 139 9 147 2.51 123
3 0.65 1.90 88 208 13 221 2.51 123
4 0.87 2.53 117 278 17 295 2.51 123
5 1.09 3.17 147 347 21 368 2.51 123
6 1.31 3.80 176 416 26 442 2.51 123
7 1.53 4.43 205 486 30 516 2.51 123
8 1.75 5.07 235 555 34 589 2.51 123
9 1.96 5.70 264 625 38 663 2.51 123
10 2.18 6.33 293 694 43 737 2.51 123
11 2.40 6.97 323 764 47 810 2.51 123
12 2.62 7.60 352 833 51 884 2.51 123
13 2.84 8.23 381 902 55 958 2 . 51 123
14 3.05 8.87 410 972 60 1031 2.51 123
15 3.27 9.50 440 1041 64 1105 2.51 123
16 3.49 10.13 469 1111 68 1179 2.51 123
17 3.71 10.77 498 1180 72 1252 2.51 123
18 3.93 11.40 528 1249 77 1326 2.51 123
19 4.15 12.03 557 1319 81 1400 2.51 123
20 4.36 12.67 586 1388 85 1474 2.51 123
21 4.58 13.30 616 1458 89 1547 2.51 123
22 4.80 13.93 645 1527 94 1621 2.51 123
23 5.02 14.57 674 1597 98 1695 2.51 123
24 5.24 15.20 704 1666 102 1768 2.51 123
25 5.45 15.83 733 1735 106 1842 2.51 123
26 5.67 16.47 762 1805 111 1916 2.51 123
27 5.89 17.10 792 1874 115 1989 2.51 123
28 6.11 17.73 821 1944 119 2063 2.51 123
29 6.33 18.37 850 2013 124 2137 2.51 123
30 6.54 19.00 880 2082 128 2210 2.51 123
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Bit Forces 
Ave. Normal : 10000 (lbs) 
Ave. Drag • : 5000 (lbs)
Overburden, 4" Spacing Cutting System, 2 0" Depth 
Drum Width: 10 (ft)
Drum Dia. : 40 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 20.00
No. of Working Bit: 31.00
Hori. Advance (in/Array): 2.10
Normal Force H. Comp.: 0.56
V . Comp.: 0.72





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 0.70 26 61 4 65 2.52 112
2 0.44 1.40 52 123 8 131 2.52 112
3 0. 65 2.10 78 184 11 196 2 .52 112
4 0.87 2.80 104 246 15 261 2.52 112
5 1.09 3.50 130 307 19 326 2.52 112
6 1.31 4.20 156 369 23 392 2.52 112
7 1.53 4.90 181 430 26 457 2.52 112
8 1.75 5.60 207 492 30 522 2.52 112
9 1.96 6.30 233 553 34 587 2.52 112
10 2.18 7.00 259 615 38 653 2.52 112
11 2.40 7.70 285 676 42 718 2.52 112
12 2.62 8.40 311 738 45 783 2 . 52 112
13 2.84 9.10 337 799 49 848 2.52 112
14 3.05 9.80 363 861 53 914 2.52 112
15 3.27 10.50 389 922 57 979 2.52 112
16 3.49 11.20 415 984 60 1044 2.52 112
17 3.71 11.90 441 1045 64 1109 2.52 112
18 3.93 12.60 467 1107 68 1175 2.52 112
19 4.15 13.30 493 1168 72 1240 2.52 112
20 4.3 6 14.00 519 1230 76 1305 2.52 112
21 4.58 14.70 544 1291 79 1370 2.52 112
22 4.80 15.40 570 1353 83 1436 2.52 112
23 5.02 16.10 596 1414 87 1501 2.52 112
24 5.24 16.80 622 1476 91 1566 2.52 112
25 5.45 17.50 648 1537 94 1632 2.52 112
26 5.67 18.20 674 1599 98 1697 2.52 112
27 5.89 18.90 700 1660 102 1762 2.52 112
28 6.11 19.60 726 1722 106 1827 2.52 112
29 6.33 20.30 752 1783 110 1893 2.52 112
30 6.54 21.00 778 1844 113 1958 2.52 112
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Bit Forces 
Ave. Normal : 10000 (lbs) 
Ave. Drag : 5000 (lbs)
Overburden, 4" Spacing Cutting System, 15" Depth 
Drum Width: 10 (ft)
Drum Dia. : 4 0 (in)
Cutting Point Dia. : 50 (in)
Cutting Arrays: 4
Drum Plunge Depth (in): 15.00
No. of Working Bit: 27.00
Hori. Advance (in/Array): 2.40
Normal Force H. Comp.: 0.49
V . Comp.: 0.80





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 0.80 22 54 3 57 2.56 108
2 0.44 1.60 44 107 7 114 2.56 108
3 0.65 2.40 67 161 10 171 2.56 108
4 0.87 3.20 89 214 13 227 2.56 108
5 1.09 4.00 111 268 17 284 2.56 108
6 1.31 4.80 133 321 20 341 2.56 108
7 1.53 5.60 156 375 23 398 2.56 108
8 1.75 6.40 178 428 26 455 2.56 108
9 1.96 7.20 200 482 30 512 2.56 108
10 2.18 8.00 222 535 33 569 2.56 108
11 2.40 8.80 244 589 36 625 2.56 108
12 2.62 9.60 267 643 40 682 2.56 108
13 2.84 10.40 289 696 43 739 2.56 108
14 3.05 11.20 311 750 46 796 2.56 108
15 3.27 12.00 333 803 50 853 2.56 108
16 3.49 12.80 356 857 53 910 2.56 108
17 3.71 13.60 378 910 56 967 2.56 108
18 3.93 14.40 400 964 60 1024 2.56 108
19 4.15 15.20 422 1017 63 1080 2.56 108
20 4.36 16.00 444 1071 66 1137 2.56 108
21 4.58 16.80 467 1125 70 1194 2.56 108
22 4.80 17.60 489 1178 73 1251 2.56 108
23 5.02 18.40 511 1232 76 1308 2.56 108
24 5.24 19.20 533 1285 79 1365 2.56 108
25 5.45 20.00 556 1339 83 1422 2.56 108
26 5.67 20.80 578 1392 86 1478 2.56 108
27 5.89 21.60 600 1446 89 1535 2.56 108
28 6.11 22.40 622 1499 93 1592 2.56 108
29 6.33 23.20 644 1553 96 1649 2.56 108
30 6.54 24.00 667 1606 99 1706 2.56 108
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Overburden, 4" Spacing Cutting System, 10" Depth
Drum Width: 10 (ft)
Drum Dia. : 40 (in)
Cutting Point Dia. : 50 (in) 
Cutting Arrays: 4
Drum Plunge Depth (in): 10.00
No. of Working Bit: 19.00
Hori. Advance (in/Array): 2.90
Normal Force H. Comp.: 0.41
V . Comp.: 0.86
Rolling Resistance (%): 2.00
Bit Forces 
Ave. Normal : 10000 (lbs) 
Ave. Drag : 5000 (lbs)





rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 0.97 18 38 2 40 2.24 82
2 0.44 1.93 36 75 5 80 2.24 82
3 0.65 2.90 54 113 7 120 2.24 82
4 0.87 3.87 72 151 10 160 2.24 82
5 1.09 4.83 90 188 12 200 2.24 82
6 1.31 5.80 107 226 14 240 2.24 82
7 1.53 6.77 125 264 17 280 2.24 82
8 1.75 7.73 143 301 19 320 2.24 82
9 1.96 8.70 161 339 21 361 2.24 82
10 2.18 9.67 179 377 24 401 2.24 82
11 2.40 10.63 197 415 26 441 2.24 82
12 2.62 11.60 215 452 29 481 2.24 82
13 2.84 12.57 233 490 31 521 2.24 82
14 3.05 13.53 251 528 33 561 2.24 82
15 3.27 14.50 269 565 36 601 2.24 82
16 3.49 15.47 286 603 38 641 2.24 82
17 3.71 16.43 304 641 40 681 2.24 82
18 3 .93 17.40 322 678 43 721 2 .24 82
19 4.15 18.37 340 716 45 761 2.24 82
20 4.36 19.33 358 754 48 801 2 .24 82
21 4.58 20.30 376 791 50 841 2.24 82
22 4.80 21.27 394 829 52 881 2.24 82
23 5.02 22.23 412 867 55 921 2.24 82
24 5.24 23.20 430 904 57 961 2.24 82
25 5*45 24.17 448 942 59 1002 2.24 82
26 5.67 25.13 465 980 62 1042 2.24 82
27 5.89 26.10 483 1017 64 1082 2.24 82
28 6.11 27.07 501 1055 67 1122 2.24 82
29 6. 33 28.03 519 1093 69 1162 2.24 82




Ave. Normal : 10000 (lbs) 
Ave. Drag : 5000 (lbs)
Overburden, 4" Spacing Cutting System, 5" Depth 
Drum Width: 10 (ft)
Drum Dia. : 40 (in)
Cutting Point Dia.
Cutting Arrays: 4 
Drum Plunge Depth (in):
No. of Working Bit:
Hori. Advance (in/Array)

















rpm ft/sec ft/min cyd/hr
Cutting Power S.E. Mach.
Drum Mach. Total Weight
Rot. Adv. Output
hp hp hp hp-hr/cy tons
1 0.22 1.47 14 30 2 32 2.33 71
2 0.44 2.93 27 59 4 63 2.33 71
. 3 0.65 4.40 41 89 6 95 2.33 71
4 0.87 5.87 54 119 8 127 2.33 71
5 1.09 7.33 68 149 10 158 2 .33 71
6 1.31 8.80 81 178 12 190 2.33 71
7 1. 53 10.27 95 208 13 222 2 .33 71
8 1.75 11.73 109 238 15 253 2.33 71
9 1.96 13 . 20 122 268 17 285 2.33 71
10 2.18 14.67 136 297 19 317 2 .33 71
11 2.40 16.13 149 327 21 348 2.33 71
12 2.62 17.60 163 357 23 380 2.33 71
13 2.84 19.07 177 387 25 412 2.33 71
14 3.05 20.53 190 416 27 443 2.33 71
15 3.27 22.00 204 446 29 475 2.33 71
16 3.49 23.47 217 476 31 507 2.33 71
17 3.71 24.93 231 506 33 538 2.33 71
18 3.93 26.40 244 535 35 570 2.33 71
19 4 .15 27.87 258 565 37 602 2 .33 71
20 4.36 29. 33 272 595 39 634 2.33 71
21 4.58 30.80 285 625 40 665 2.33 71
22 4.80 32.27 299 654 42 697 2.33 71
23 5.02 33.73 312 684 44 729 2.33 71
24 5.24 35.20 326 714 46 760 2.33 71
25 5.45 36.67 340 744 48 792 2.33 71
26 5.67 38.13 353 773 50 824 2.33 71
27 5.89 39.60 367 803 52 855 2.33 71
28 6.11 41.07 380 833 54 887 2.33 71
29 6.33 42.53 394 863 56 919 2.33 71
30 6.54 44.00 407 892 58 950 2.33 71
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Appendix C
Drill Hole and Surface Sampling Data 
Used in Ore Reserve Estimation
Location of Data Points
T-3921 217
AH: Drill Hole Data SS: Surface Sampling Data
FIRST ROW
Number Coordination Azimuth Dip Depth
OTHER
(East North Elev.)
Number Hole Depth 
(Start End)
Assay (Gypsum %)
1 AH 123 13450.00 15020.00 6976.00 0.00 -90.0 80. 0
3 AH 123 0.00 10.00 62.5
3 AH 123 10.00 20. 00 77.7
3 AH 123 20. 00 30. 00 78.8
3 AH 123 30. 00 40. 00 86.8
3 AH 123 40.00 50. 00 85.1
3 AH 123 50.00 60.00 27.8
3 AH 123 60.00 70.00 24.7
3 AH 123 70.00 80.00 32.9
1 AH 124 13453.15 14799.53 6973.00 0.00 -90.0 30.0
3 AH 124 0.00 10.00 83.1
3 AH 124 10.00 20.00 94.4
3 AH 124 20.00 30.00 96.7
1 AH 125 13462.92 14784.14 6973.00 0.00 -90.0 100. 0
3 AH 125 0.00 10.00 93.2
3 AH 125 10.00 20.00 97.9
3 AH 125 20.00 30.00 98.3
3 AH 125 30.00 40.00 97.7
3 AH 125 40.00 50.00 95.1
3 AH 125 50.00 60.00 96.7
3 AH 125 60.00 70.00 95.3
3 AH 125 70.00 80.00 95.6
3 AH 125 80.00 90.00 95.4
3 AH 125 90.00 100.00 92.1
1 AH 126 13594.42 14641.83 6990.00 0.00 -90.0 110.0
3 AH 126 0.00 10.00 88.7
3 AH 126 10.00 20. 00 90.0
3 AH 126 20.00 30.00 89.5
3 AH 126 30.00 40.00 90.7
3 AH 126 40.00 50.00 93.0
3 AH 126 50.00 60.00 94.0
3 AH 126 60.00 70.00 94.5
3 AH 126 70.00 80.00 93.6
3 AH 126 80.00 90.00 15.9
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3 AH 126 90. 00 100.00 5.7
3 AH 126 100.00 110.00 5.6
1 AH 127 13587.63 14375.64 6965.00 0.00 -90.0 120 . 0
3 AH 127 0. 00 10. 00 89 . 2
3 AH 127 10. 00 20. 00 91.6
3 AH 127 20. 00 30. 00 91.4
3 AH 127 30. 00 40. 00 87. 1
3 AH 127 40. 00 50.00 86. 1
3 AH 127 50. 00 60. 00 91.7
3 AH 127 60.00 70.00 83 . 3
3 AH 127 70.00 80.00 93 .4
3 AH 127 80.00 90.00 92.8
3 AH 127 90.00 100.00 92.1
3 AH 127 100.00 110.00 90.8
3 AH 127 110.00 120.00 92.1
1 AH 128 13670.30 14109.35 6932.00 0.00 -90.0 30.0
3 AH 128 0.00 10.00 92 .7
3 AH 128 10.00 20. 00 93.1
3 AH 128 20. 00 30.00 92.0
1 AH 129 13744.22 14121.78 6938.00 0.00 -90.0 160.0
3 AH 129 0.00 10.00 75.9
3 AH 129 10.00 20.00 73.3
3 AH 129 20.00 30.00 80.2
3 AH 129 30.00 40.00 89.9
3 AH 129 40.00 50.00 83.0
3 AH 129 50.00 60.00 90.4
3 AH 129 60.00 70.00 90.2
3 AH 129 70.00 80.00 91.9
3 AH 129 80.00 90.00 92.2
3 AH 129 90.00 100.00 94.6
3 AH 129 100.00 110.00 94.3
3 AH 129 110.00 120.00 93.4
3 AH 129 120.00 130.00 93.0
3 AH 129 130.00 140.00 91.8
3 AH 129 140.00 150.00 87.0
3 AH 129 150.00 160.00 87.7
1 AH 130 13893.98 14147.40 6942.00 0.00 -90.0 30.0
3 AH 130 0.00 10. 00 95.4
3 AH 130 10.00 20.00 95.6
3 AH 130 20.00 30.00 95.4
1 AH 131 13856.74 14149.23 6945.00 0.00 -90.0 130.0
3 AH 131 0.00 10.00 79.7
3 AH 131 10.00 20.00 88.0
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3 AH 131 20.00 30.00 75.2
3 AH 131 30.00 40. 00 88.2
3 AH 131 40.00 50. 00 82.7
3 AH 131 50. 00 60. 00 83 . 0
3 AH 131 60. 00 70.00 82.9
3 AH 131 70.00 80. 00 90.8
3 AH 131 80. 00 90. 00 86.9
3 AH 131 90.00 100.00 93 .1
3 AH 131 100.00 110.00 90.2
3 AH 131 110.00 120.00 78.1
3 AH 131 120.00 130.00 82 . 0
1 AH 132 13836.70 14562.82 7006.00 0.00 -90.0 60. 0
3 AH 132 0. 00 10.00 70.7
3 AH 132 10.00 20.00 25.4
3 AH 132 20.00 30.00 22.4
3 AH 132 30.00 40.00 40.0
3 AH 132 40.00 50.00 30.9
3 AH 132 50.00 60. 00 30.5
1 AH 133 13730.36 14747.73 7007.00 0.00 -90.0 150.0
3 AH 133 0. 00 10.00 67.1
3 AH 133 10.00 20.00 65.9
3 AH 133 20.00 30.00 65.4
3 AH 133 30.00 40.00 88.7
3 AH 133 40.00 50.00 87.4
3 AH 133 50.00 60.00 90.1
3 AH 133 60.00 70.00 88.6
3 AH 133 70.00 80.00 91.8
3 AH 133 80.00 90.00 88.4
3 AH 133 90.00 100.00 91.3
3 AH 133 100.00 110.00 87.8
3 AH 133 110.00 120.00 87.2
3 AH 133 120.00 130.00 54.4
3 AH 133 130.00 140.00 64.6
3 AH 133 140.00 150.00 38.0
1 AH 134 14038.28 14651.14 6976.00 0.00 -90.0 50. 0
3 AH 134 0.00 10.00 80.2
3 AH 134 10.00 20.00 78.9
3 AH 134 20.00 30.00 89.7
3 AH 134 30.00 40.00 87.9
3 AH 134 40.00 50.00 81.3
1 AH 135 14024.17 14623.60 6980.00 0.00 -90.0 70.0
3 AH 135 0.00 10.00 —
3 AH 135 10.00 20.00 57.9
3 AH 135 20.00 30.00 79.8
T-3921 220
3 AH 135 30. 00 40. 00 81.7
3 AH 135 40. 00 50. 00 55. 0
3 AH 135 50.00 60. 00 56.4
3 AH 135 60. 00 70.00 52.5
1 AH 136 13931.10 14417.26 6988.00 0.00 -90.0 70 . 0
3 AH 136 0. 00 10. 00 71.0
3 AH 136 10. 00 20. 00 84.2
3 AH 136 20. 00 30.00 77.7
3 AH 136 30.00 40. 00 82 . 2
3 AH 136 40. 00 50.00 83 .9
3 AH 136 50. 00 60.00 81.6
3 AH 136 60.00 70. 00 86.1
1 AH 137 13676.76 15129.77 6958.00 0.00 -90.0 90.0
3 AH 137 0.00 10.00 69.4
3 AH 137 10.00 20.00 67.4
3 AH 137 20.00 30.00 69.9
3 AH 137 30.00 40.00 72.2
3 AH 137 40.00 50.00 65.7
3 AH 137 50.00 60.00 64.8
3 AH 137 60. 00 70.00 58.5
3 AH 137 70. 00 80. 00 57.4
3 AH 137 80.00 90. 00 5.4
1 AH 138 14023.44 13879.63 6895.00 0.00 -90.0 30.0
3 AH 138 0. 00 10.00 92.5
3 AH 138 10.00 20. 00 75.0
3 AH 138 20.00 30.00 82.9
1 AH 139 14002.82 13895.82 6902.00
lo•0 cn1oo•o 70. 0
3 AH 139 0.00 10.00 92.1
3 AH 139 10.00 20.00 91.9
3 AH 139 20.00 30.00 91.3
3 AH 139 30.00 40.00 91.8
3 AH 139 40.00 50.00 91.4
3 AH 139 50.00 60.00 92.2
3 AH 139 60.00 70. 00 90.5
1 AH 140 13987.81 13601.00 6833.00 0.00 -90.0 160.1
3 AH 140 0.00 10.00 90.8
3 AH 140 10.00 20.00 91.8
3 AH 140 20.00 30.00 93.0
3 AH 140 30.00 40. 00 77.1
3 AH 140 40.00 50.00 71.3
3 AH 140 50.00 60.00 88.9
3 AH 140 60.00 70.00 84.9
3 AH 140 70.00 80.00 63.0
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3 AH 140 80. 00 90
3 AH 140 90.00 100
3 AH 140 100.00 110
3 AH 140 110.00 120
3 AH 140 120.00 130
3 AH 140 130.00 140
3 AH 140 140.00 150
3 AH 140 150.00 160
1 AH 141 14000.74 13436
3 AH 141 0. 00 10
3 AH 141 10.00 20
3 AH 141 20.00 30
3 AH 141 30.00 40
3 AH 141 40.00 50
3 AH 141 50.00 60
3 AH 141 60.00 70
3 AH 141 70.00 80
3 AH 141 80.00 90
3 AH 141 90.00 100
3 AH 141 100.00 110
1 AH 142 14075.73 13489
3 AH 142 0.00 10
3 AH 142 10.00 20
3 AH 142 20.00 30
1 AH 143 14071.92 13463
3 AH 143 0.00 10
3 AH 143 10.00 20
3 AH 143 20.00 30
3 AH 143 30.00 40
3 AH 143 40.00 50
3 AH 143 50.00 60
3 AH 143 60.00 70
3 AH 143 70.00 80
3 AH 143 80.00 90
3 AH 143 90.00 100
3 AH 143 100.00 110
3 AH 143 110.00 120
3 AH 143 120.00 130
3 AH 143 130.00 140
1 AH 144 14082.04 13264
3 AH 144 0.00 10
3 AH 144 10.00 20
3 AH 144 20.00 30
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3 AH 144 40. 00 50. 00 3 . 7
1 AH 145 13937.11 13346.13 6841.00 0.00 -90.0 70.0
3 AH 145 0.00 10.00 91.7
3 AH 145 10.00 20.00 94.7
3 AH .145 20. 00 30. 00 95. 4
3 AH 145 30. 00 40. 00 12.3
3 AH 145 40. 00 50.00 8.4
3 AH 145 50. 00 60.00 7.7
3 AH 145 60. 00 70. 00 8.6
1 AH 146 13973.80 13162.86 6841.00 0.00 -90.0 150. 0
3 AH 146 0. 00 10.00 78.5
3 AH 146 10.00 20.00 82.5
3 AH 146 20.00 30.00 92.1
3 AH 146 30.00 40.00 91.5
3 AH 146 40.00 50.00 60.8
3 AH 146 50.00 60.00 90.0
3 AH 146 60.00 70.00 90.4
3 AH 146 70.00 80.00 90.4
3 AH 146 80.00 90.00 91.3
3 AH 146 90.00 100.00 89.5
3 AH 146 100.00 110.00 84.2
3 AH 146 110.00 120.00 31.2
3 AH 146 120.00 130.00 27.1
3 AH 146 130.00 140.00 41.8
3 AH 146 140.00 150.00 33.6
1 AH 147 14009.07 13075.77 6838.00 0.00 -90.0 50. 0
3 AH 147 0.00 10.00 93.2
3 AH 147 10.00 20.00 91.5
3 AH 147 20.00 30.00 93.3
3 AH 147 30.00 40.00 19.6
3 AH 147 40.00 50.00 88.5
1 AH 148 14039.82 13040.15 6837.00 0.00 -90.0 80.0
3 AH 148 0.00 10.00 91.9
3 AH 148 10.00 20.00 83.3
3 AH 148 20.00 30.00 8.5
3 AH 148 30.00 40.00 50.7
3 AH 148 40.00 50.00 36.8
3 AH 148 50.00 60.00 10.0
3 AH 148 60.00 70.00 11.0
3 AH 148 70.00 80.00 9.1
1 AH 149 14208.75 13021.43 6839.00 0.00 -90.0 110.0
3 AH 149 0.00 10.00 92.3
3 AH 149 10.00 20.00 87.6
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3 AH 149 20. 00 30
3 AH 149 30. 00 40
3 AH 149 40. 00 50
3 AH 149 50. 00 60
3 AH 149 60. 00 70
3 AH 149 70. 00 80
3 AH 149 80. 00 90
3 AH 149 90.00 100
3 AH 149 100.00 110
1 AH 150 13930.71 12903
3 AH 150 0.00 10
3 AH 150 10.00 20
3 AH 150 20.00 30
3 AH 150 30. 00 40
3 AH 150 40.00 50
3 AH 150 50.00 60
3 AH 150 60.00 70
3 AH 150 70.00 80
3 AH 150 80. 00 90
1 AH 151 13919.83 12990
3 AH 151 0. 00 10
3 AH 151 10.00 20
3 AH 151 20.00 30
3 AH 151 30.00 40
3 AH 151 40.00 50
3 AH 151 50.00 60
3 AH 151 60.00 70
3 AH 151 70.00 80
3 AH 151 80.00 90
3 AH 151 90.00 100
3 AH 151 100.00 110
3 AH 151 110.00 120
3 AH 151 120.00 130
3 AH 151 130.00 140
3 AH 151 140.00 150
3 AH 151 150.00 160
3 AH 151 160.00 170
3 AH 151 170.00 180
3 AH 151 180.00 190
3 AH 151 190.00 200
1 AH 152 13731.75 12848
3 AH 152 0.00 10
3 AH 152 10.00 20
3 AH 152 20.00 30



























































































3 AH 152 40. 00 50
3 AH 152 50. 00 60
3 AH 152 60. 00 70
3 AH 152 70. 00 75
3 AH 152 75. 00 80
3 AH 152 80. 00 90
3 AH 152 90. 00 100
1 AH 153 13889.06 13081
3 AH 153 0. 00 10
3 AH 153 10. 00 20
3 AH 153 20.00 30
3 AH 153 30.00 40
3 AH 153 40.00 50
3 AH 153 50.00 60
1 AH 154 13701.37 14514
3 AH 154 0.00 10
3 AH 154 10.00 20
3 AH 154 20.00 30
3 AH 154 30.00 40
3 AH 154 40.00 50
3 AH 154 50.00 60
3 AH 154 60.00 70
3 AH 154 70.00 80
3 AH 154 80.00 90
3 AH 154 90.00 100
3 AH 154 100.00 110
3 AH 154 110.00 120
3 AH 154 120.00 130
1 AH 155 13581.38 14802
3 AH 155 0.00 10
3 AH 155 10.00 20
3 AH 155 20.00 30
1 AH 156 13414.14 14491
3 AH 156 0.00 10
3 AH 156 10.00 20
1 AH 157 13590.04 14185
3 AH 157 0.00 10
3 AH 157 10.00 20
3 AH 157 20.00 30
3 AH 157 30.00 40
3 AH 157 40.00 50






42 . 0 
52 . 4























6933.00 0.00 -90.0 20.0
91.2
92.9

















































1 AH 158 13564.44 14198.91 6930.00 0.00 -90.0 70.0
3 AH 158 0. 00 10. 00 95. 6
3 AH 158 10. 00 20 . 00 96. 3
3 AH 158 20. 00 30. 00 90.7
3 AH 158 30. 00 40. 00 —
3 AH 158 40. 00 50. 00 74.8
3 AH 158 50. 00 60. 00 70.5
3 AH 158 60. 00 70. 00 80.9
1 AH 159 13120.73 14791.87 6927.00 0.00 -90.0 60.0
3 AH 159 0.00 10. 00 55.1
3 AH 159 10.00 20.00 55.7
3 AH 159 20.00 30.00 48.1
3 AH 159 30.00 40.00 —
3 AH 159 40.00 50. 00 14.5
3 AH 159 50.00 60.00 —
1 AH 160 12990.29 14616.71 6914.00 0.00 -90.0 60.0
3 AH 160 0.00 10.00 32.5
3 AH 160 10.00 20.00 74.9
3 AH 160 20.00 30. 00 8.3
3 AH 160 30.00 40. 00 7.9
3 AH 160 40. 00 50. 00 8.1
3 AH 160 50.00 60.00 9.9
1 AH 161 13001.48 14148.11 6843.00 0.00 -90.0 50.0
3 AH 161 0.00 10.00 14.2
3 AH 161 10.00 20.00 4.7
3 AH 161 20.00 30.00 3.8
3 AH 161 30.00 40.00 5.3
3 AH 161 40.00 50.00 4.6
1 AH 162 12968.97 13959.91 6837.00 0.00 -90.0 30.0
3 AH 162 0.00 10.00 79.4
3 AH 162 10.00 20.00 74.3
3 AH 162 20.00 30. 00 33.1
1 AH 163 12939.50 13799.53 6833.00 0.00 -90.0 40.0
3 AH 163 0.00 10.00 64.3
3 AH 163 10.00 20. 00 65.8
3 AH 163 20.00 30.00 51.4
3 AH 163 30.00 40.00 59.1
1 AH 164 12999.95 13641.34 6838.00 0.00 -90.0 60.0
3 AH 164 0.00 10.00 88.4
3 AH 164 10.00 20.00 37.5
3 AH 164 20.00 30.00 81.1
3 AH 164 30.00 40.00 91.5
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3 AH 164 40.00 50. 00 32.7
3 AH 164 50.00 60. 00 26.0
1 AH 165 13023.57 13459.67 6850.00 0.00 -90.0 60. 0
3 AH 165 0.00 10.00 92.8
3 AH 165 10.00 20.00 29.6
3 AH 165 20.00 30.00 45.7
3 AH 165 30. 00 40.00 27. 0
3 AH 165 40. 00 50. 00 13 . 5
3 AH 165 50. 00 60.00 12.4
1 AH 167 12890.79 13355.83 6829.00 0.00 -90.0 210. 0
3 AH 167 0.00 10.00 89.0
3 AH 167 10.00 20. 00 90.7
3 AH 167 20.00 30.00 84.3
3 AH 167 30.00 40.00 85.7
3 AH 167 40.00 50.00 79.7
3 AH 167 50. 00 60.00 71.0
3 AH 167 60.00 70.00 89.7
3 AH 167 70.00 80.00 90.1
3 AH 167 80.00 90.00 88.7
3 AH 167 90.00 100.00 89.2
3 AH 167 100.00 110.00 97.1
3 AH 167 110.00 120.00 18.9
3 AH 167 120.00 130.00 55.5
3 AH 167 130.00 140.00 70.9
3 AH 167 140.00 150.00 84.9
3 AH 167 150.00 160.00 94.7
3 AH 167 160.00 170.00 93.6
3 AH 167 170.00 180.00 95.2
3 AH 167 180.00 190.00 87.6
3 AH 167 190.00 200.00 9.9
3 AH 167 200.00 210.00 12.5
1 AH 168 12957.42 13724.54 6835.00 0.00 -90.0 40.0
3 AH 168 0.00 10.00 77.1
3 AH 168 10.00 20.00 77.8
3 AH 168 20.00 30.00 5.7
3 AH 168 30.00 40. 00 4.4
1 AH 169 12947.88 13867.52 6836.00 0.00 -90.0 50.0
3 AH 169 0.00 10.00 54.8
3 AH 169 10.00 20.00 55.6
3 AH 169 20.00 30.00 36.0
3 AH 169 30.00 40.00 33.3
3 AH 169 40.00 50.00 35.9
1 AH 170 13055.96 15411.74 6943.00 0.00 -90.0 130.0
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3 AH 170 0.00 10
3 AH 170 10.00 20
3 AH 170 20. 00 30
3 AH 170 30. 00 40
3 AH 170 40.00 50
3 AH 170 50. 00 60
3 AH 170 60.00 70
3 AH 170 70.00 80
3 AH 170 80.00 90
3 AH 170 90.00 100
3 AH 170 100.00 110
3 AH 170 110.00 120
3 AH 170 120.00 130
1 AH 171 12926.90 15307
3 AH 171 0.00 10
3 AH 171 10.00 20
3 AH 171 20.00 30
3 AH 171 30.00 40
3 AH 171 40.00 50
3 AH 171 50.00 60
3 AH 171 60.00 70
3 AH 171 70.00 80
3 AH 171 80.00 90
3 AH 171 90.00 100
3 AH 171 100.00 110
3 AH 171 110.00 120
3 AH 171 120.00 130
3 AH 171 130.00 140
3 AH 171 140.00 150
3 AH 171 150.00 160
3 AH 171 160.00 170
1 AH 172 12838.97 15182
3 AH 172 0.00 10
3 AH 172 10.00 20
3 AH 172 20.00 30
3 AH 172 30.00 40
3 AH 172 40.00 50
3 AH 172 50.00 60
3 AH 172 60.00 70
3 AH 172 70.00 80
3 AH 172 80.00 90
3 AH 172 90.00 100
3 AH 172 100.00 110
3 AH 172 110.00 120




























































































1 AH 173 12846.45 15081
3 AH 173 0. 00 10
3 AH 173 10. 00 20
3 AH 173 20. 00 30
3 AH 173 30. 00 40
3 AH 173 40. 00 50
3 AH 173 50. 00 60
3 AH 173 60. 00 70
3 AH 173 70. 00 80
3 AH 173 80. 00 90
3 AH 173 90.00 100
3 AH 173 100.00 110
1 AH 174 13023.35 15252
3 AH 174 0. 00 10
3 AH 174 10.00 20
3 AH 174 20.00 30
3 AH 174 30.00 40
3 AH 174 40.00 50
3 AH 174 50.00 60
3 AH 174 60.00 70
3 AH 174 70.00 80
3 AH 174 80.00 90
3 AH 174 90.00 100
3 AH 174 100.00 110
3 AH 174 110.00 120
3 AH 174 120.00 130
3 AH 174 130.00 140
3 AH 174 140.00 150
3 AH 174 150.00 160
3 AH 174 160.00 170
3 AH 174 170.00 180
3 AH 174 180.00 190
3 AH 174 190.00 200
3 AH 174 200.00 210
3 AH 174 210.00 220
3 AH 174 220.00 230
1 AH 175 13080.63 15122
3 AH 175 0.00 10
3 AH 175 10.00 20
3 AH 175 20.00 30
3 AH 175 30.00 40
3 AH 175 40.00 50
1 AH 176 12475.66 14805
3 AH 176 0.00 15
3 AH 176 15.00 20



























































































3 AH 176 20. 00 30
3 AH 176 30.00 40
3 AH 176 40. 00 50
3 AH 176 50. 00 60
3 AH 176 60. 00 70
1 AH 178 13264.91 15245
3 AH 178 0. 00 10
3 AH 178 10. 00 20
3 AH 178 20. 00 30
3 AH 178 30. 00 40
3 AH 178 40.00 50
3 AH 178 50.00 60
3 AH 178 60.00 70
3 AH 178 70.00 80
3 AH 178 80.00 90
3 AH 178 90.00 100
3 AH 178 100.00 110
3 AH 178 110.00 120
3 AH 178 120.00 130
3 AH 178 130.00 140
3 AH 178 140.00 150
1 AH 179 13613.97 14842
3 AH 179 0.00 10
3 AH 179 10.00 20
3 AH 179 20.00 30
3 AH 179 30. 00 40
3 AH 179 40.00 50
1 AH 180 13646.78 14843
3 AH 180 0.00 10
3 AH 180 10.00 20
3 AH 180 20.00 30
3 AH 180 30.00 40
3 AH 180 40.00 50
3 AH 180 50.00 60
3 AH 180 60.00 70
3 AH 180 70.00 80
3 AH 180 80. 00 90
3 AH 180 90.00 100
3 AH 180 100.00 110
3 AH 180 110.00 120
1 AH 181 13778.98 14500
3 AH 181 0.00 10
3 AH 181 10.00 20


























































































3 AH 181 30.00 40. 00 90.4
1 AH 182 13824.79 14489.84 7003.00 0.00 -90.0 95. 0
3 AH 182 0. 00 10. 00 87.2
3 AH 182 10. 00 20. 00 85.8
3 AH 182 20.00 30. 00 83 . 8
3 AH 182 30. 00 40. 00 88.5
3 AH 182 40. 00 50. 00 85.3
3 AH 182 50. 00 60. 00 67 . 4
3 AH 182 60.00 70. 00 77. 1
3 AH 182 70.00 80. 00 61. 1
3 AH 182 80.00 90. 00 81. 3
3 AH 182 90.00 95.00 73.6
1 AH 183 13418.55 14120.33 6894.00 0.00 -90.0 75. 0
3 AH 183 0.00 10.00 94.1
3 AH 183 10.00 20.00 93.8
3 AH 183 20.00 30. 00 91.8
3 AH 183 30.00 40.00 92.1
3 AH 183 40. 00 50.00 60.2
3 AH 183 50.00 60.00 84.9
3 AH 183 60.00 70.00 85.8
3 AH 183 70.00 75.00 78.8
1 AH 184 13348.79 13987.01 6865.00 0.00 -90.0 60.0
3 AH 184 0.00 10.00 80.8
3 AH 184 10.00 20.00 89.9
3 AH 184 20.00 30.00 79.1
3 AH 184 30.00 40.00 90.7
3 AH 184 40.00 50.00 91.1
3 AH 184 50.00 60.00 87.5
1 AH 185 13336.63 14034.60 6865.00 0.00 -90.0 110.0
3 AH 185 0.00 10.00 —
3 AH 185 10.00 20.00 —
3 AH 185 20.00 30.00 —
3 AH 185 30.00 40.00 —
3 AH 185 40.00 50.00 —
3 AH 185 50.00 60.00 —
3 AH 185 60.00 70.00 92.9
3 AH 185 70.00 80.00 92.7
3 AH 185 80.00 90.00 92.7
3 AH 185 90.00 100.00 92.8
3 AH 185 100.00 110.00 92.4
1 AH 186 13425.44 14314.17 6918.00 0.00 -90.0 250.0
3 AH 186 0.00 10.00 81.1
3 AH 186 10.00 20.00 86.4
230
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3 AH 186 20. 00 30
3 AH 186 30. 00 40
3 AH 186 40.00 50
3 AH 186 50. 00 60
3 AH 186 60. 00 70
3 AH 186 70. 00 80
3 AH 186 80. 00 90
3 AH 186 90. 00 100
3 AH 186 100.00 110
3 AH 186 110.00 120
3 AH 186 120.00 130
3 AH 186 130.00 140
3 AH 186 140.00 150
3 AH 186 150.00 160
3 AH 186 160.00 170
3 AH 186 170.00 180
3 AH 186 180.00 190
3 AH 186 190.00 200
3 AH 186 200.00 210
3 AH 186 210.00 220
3 AH 186 220.00 230
3 AH 186 230.00 240
3 AH 186 240.00 250
1 AH 187 13430.29 14720
3 AH 187 0.00 10
3 AH 187 10.00 20
3 AH 187 20.00 30
3 AH 187 30.00 40
3 AH 187 40.00 50
3 AH 187 50.00 60
3 AH 187 60.00 70
3 AH 187 70.00 80
3 AH 187 80.00 90
3 AH 187 90.00 100
3 AH 187 100.00 110
1 AH 188 12822.27 15573
3 AH 188 0.00 10
3 AH 188 10.00 20
3 AH 188 20.00 30
3 AH 188 30.00 40
3 AH 188 40.00 50
1 AH 189 12785.36 15476
3 AH 189 0.00 10
3 AH 189 10.00 20




























































































3 AH 189 30.00 40.00 46. 3
3 AH 189 40.00 50.00 41.2
1 AH 190 12532.88 15413.63 6855.00 0.00 -90.0 50. 0
3 AH 190 0.00 10.00 68.2
3 AH 190 10. 00 20. 00 86.1
3 AH 190 20. 00 30.00 88.9
3 AH 190 30. 00 40.00 85.6
3 AH 190 40. 00 50.00 51.1
1 AH 192 13316.14 14911.09 6959.00 0.00 -90.0 70.0
3 AH 192 0.00 10.00 89.2
3 AH 192 10.00 20.00 89.8
3 AH 192 20.00 30.00 84.4
3 AH 192 30.00 40.00 86.0
3 AH 192 40.00 50. 00 60.0
3 AH 192 50.00 60.00 18.5
3 AH 192 60.00 70. 00 16.1
1 AH 193 13234.28 14851.86 6947.00 0.00 -90.0 50.0
3 AH 193 0.00 10.00 66.0
3 AH 193 10.00 20.00 60.9
3 AH 193 20.00 30.00 63.0
3 AH 193 30.00 40.00 47.7
3 AH 193 40.00 50.00 44.5
1 AH 194 13828.17 14350.25 6983.00 0.00 -90.0 50.0
3 AH 194 0.00 10.00 77.0
3 AH 194 10.00 20.00 93.2
3 AH 194 20.00 30.00 91.9
3 AH 194 30.00 40.00 92.4
3 AH 194 40.00 50.00 33.5
1 AH 195 13590.74 14920.96 6990.00 0.00 -90.0 35.0
3 AH 195 0.00 10.00 30.2
3 AH 195 10.00 14.00 18.8
3 AH 195 14.00 20.00 91.4
3 AH 195 20.00 30.00 92.3
3 AH 195 30.00 35.00 92.6
1 AH 196 13571.20 14929.73 6988.00 0.00 -90.0 90.0
3 AH 196 0.00 15.00 10.6
3 AH 196 15.00 20.00 84.2
3 AH 196 20.00 30.00 89.5
3 AH 196 30.00 40.00 89.4
3 AH 196 40.00 50.00 91.7
3 AH 196 50.00 60.00 92.1
3 AH 196 60.00 70.00 92.1
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3 AH 196 70.00 80. 00 91.3
3 AH 196 80. 00 90. 00 91.7
1 AH 197 13473.16 14979.44 6978.00 0.00 -90.0 30.0
3 AH 197 0. 00 10.00 62 . 3
3 AH 197 10. 00 20. 00 38.4
3 AH 197 20. 00 30. 00 17.5
1 AH 198 13488.24 14977.11 6980.00 0.00 -90.0 30.0
3 AH 198 0. 00 10. 00 68.8
3 AH 198 10.00 20. 00 42.7
3 AH 198 20.00 30.00 10. 3
1 SS 001 13329.12 14425.34 6895.00 0.00 -90.0 20.0
3 SS 001 0.00 20.00 97.5
1 SS 002 13201.34 14104.33 6825.00 0.00 -90.0 20.0
3 SS 002 0.00 20.00 96.1
1 SS 003 13234.82 13740.25 6770.00 0.00 -90.0 20.0
3 SS 003 0.00 20.00 98.5
1 SS 004 13325.03 13807.79 6829.00 0.00 -90.0 20.0
3 SS 004 0.00 20.00 95.0
1 SS 005 13338.23 13765.10 6810.00 0.00 -90.0 20 0
3 SS 005 0.00 20.00 97.6
1 SS 006 13203.22 13306.37 6790.00 0.00 -90.0 20.0
3 SS 006 0.00 20.00 95.2
1 SS 007 13484.96 13303.13 6700.00 0.00 -90.0 20.0
3 SS 007 0.00 20.00 96.3
1 SS 008 13643.43 12355.90 6620.00 0.00 -90.0 20.0
3 SS 008 0.00 20.00 94.7
1 SS 009 14277.22 12437.78 6545.00 0.00 -90.0 20. 0
3 SS 009 0.00 20.00 95.5
1 SS 010 14435.00 13160.00 6715.00 0.00 -90.0 20.0
3 SS 010 0.00 20.00 97.4
1 SS Oil 13463.28 13504.49 6750.00 0.00 -90.0 20.0
3 SS Oil 0.00 20.00 98.5
1 SS 012 13619.60 13196.56 6730.00 0.00 -90.0 20 0
3 SS 012 0.00 20.00 94.5
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1 SS 013 13441.72 12983.61 6680.00 0.00 -90.0 20.0
3 SS 013 0.00 20.00 96.1
1 SS 014 13238.39 12652.65 6605.00 0.00 -90.0 20.0
3 SS 014 0.00 20.00 97.2
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Appendix D
Cash Flow Calculations for Ore 
Transportation Methods
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ORE TRANSPORTATION CASH FLOWS SUMMARY
(1) Assumptions
The following assumptions were applied for the cash flow 
calculations.
- Unit: $1000
- Minimum Rate Of Return: 15%
- Financial Situation: Expense
- Depreciation: Modified ACRS, 200% declining balance 
switching to straight line, half-year convention
in the first year.
Life of Equipment:
Truck 10 years
Belt-Conveyor 15 years (major overhaul every 15 
years, costs are assumed 70% of the initial 
equipment cost)




Present Worth Cost 
(All Project Years) 4, 640 3,993
Present Worth Cost 
(First 5 years) 3,192 3,069
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ORE TRANSPORTATION CASH FLOWS (TRUCK) (1)









































































































Cash Flow -3866 181 76 -0 -34 -51 -55
ESCALATED $ COST , AMORTIZATION AND DEPRECIATION
Year 1990 1991 1992 1993 1994 1995 1996
Rate (base:1990) 1.00 1.02 1.04 1.06 1.08 1.10 1.13
Oper costs-1990 

























32 32 32 32 32
Equip(1990) 






















ORE TRANSPORTATION CASH FLOWS (TRUCK) (2)









































































































Cash Flow -210 -214 -218 -4374 205 77 -16
ESCALATED $ COST , AMORTIZATION AND DEPRECIATION
Year 1997 1998 1999 2000 2001 2002 2003
Rate (base:1990) 1.15 1.17 1.20 1.22 1.24 1.27 1.29
Oper costs-1990 






































ORE TRANSPORTATION CASH FLOWS (TRUCK) (3)
Year 2004 2005 2006 2007 2008 2009 2010
Revenue 0 0 0 0 0 0 0
-Oper Costs -401 -409 -417 -426 -434 -443 -452
-Development 0 0 0 0 0 0 0
-Depreciation -458 -458 -458 0 0 0 -767
-Amortization 0 0 0 0 0 0 0
-Deprec Writeoff 0 0 0 0 0 0 0
Taxable Income -860 -868 -876 -426 -434 -443 -1219
-Tax (40%) 344 347 350 170 174 177 487
Net Income -516 -521 -525 -255 -261 -266 -731
+Depreciation 458 458 458 0 0 0 767
♦Amortization 0 0 0 0 0 0 0
♦Deprec Writeoff 0 0 0 0 0 0 0
-Capital Costs 0 0 0 0 0 0 -5367
Cash Flow -57 -62 -67 -255 -261 -266 -5331
ESCALATED $ COST, AMORTIZATION AND DEPRECIATION
Year 2004 2005 2006 2007 2008 2009 2010


























Esc $ Equip 5367
Depreciation
rates 0.10 0.10 0.10 0.14
value 458 458 458 767
writeoff
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ORE TRANSPORTATION CASH FLOWS (TRUCK) (4)
Year 2011 2012 2013 2014 2015
Revenue 0 0 0 0 559
-Oper Costs -461 -470 -479 -489 -305
-Development 0 0 0 0 0
-Depreciation 1314 -939 -671 -559 -559
-Amortization 0 0 0 0 0
-Deprec Writeoff 0 0 0 0 -559
Taxable Income 1775 -1409 -1150 -1048 -864
-Tax (40%) 710 563 460 419 346
Net Income 1065 -845 -690 -629 -518
♦Depreciation 1314 939 671 559 559
♦Amortization 0 0 0 0 0
+Deprec Writeoff 0 0 0 0 559
-Capital Costs 0 0 0 0 0
Cash Flow 249 94 -19 -70 599
ESCALATED $ COST , AMORTIZATION AND DEPR]
Year 2011 2012 2013 2014 2015
Rate (base:1990) 1.52 1.55 1.58 1.61 1.64
Oper costs-1990 304 304 304 304 186
Esc $ Oper Costs 461 470 479 489 305
Capital Costs 
Develop(1990) 







rates 0.24 0.17 0.12 0.10 0.10
value 1314 939 671 559 559
writeoff 559
T-3921 241
ORE TRANSPORTATION CASH :FLOWS (TRUCK & B.CONVEYOR) (1)Year 1990 1991 1992 1993 1994 1995 1996
Revenue 0 0 0 0 0 0 0
-Oper Costs -110 -223 -228 -232 -237 -242 -2 4 7
-Development -922 0 0 0 0 0 0
-Depreciation -429 -734 -525 -375 -312 -312 -312
-Amortization -79 -79 -79 -79 -79 0 0
-Deprec Writeoff 0 0 0 0 0 0 0
Taxable Income -1539 -1037 -831 -686 -628 -554 -559
-Tax (40%) 616 415 333 274 251 222 224
Net Income -924 -622 -499 -412 -377 -332 -335
+Depreciation 429 734 525 375 312 312 312
+Amortization 79 79 79 79 79 0 0
+Deprec Writeoff 0 0 0 0 0 0 0
-Capital Costs -3394 0 0 0 0 0 0
Cash Flow -3810 191 105 42 14 -20 -23
ESCALATED $ COST , AMORTIZATION AND DEPRECIATION
Year 1990 1991 1992 1993 1994 1995 1996
Rate (base:1990) 1.00 1.02 1.04 1.06 1.08 1.10 1.13
Oper costs-1990 110 219 219 219 219 219 219
Esc $ Oper Costs 110 223 228 232 237 242 247
Capital Costs
Develop(1990) 1317
Esc $ Develop 1317
expense(0.7) 922
capital(0.3) 395
amortization 79 79 79 79 79
Equipment
Truck(1990) 1807
Esc $ Truck 1807
B.C.(1990) 1192
Esc $ B.C. 1192
Esc $ Equip 2999 0 0 0 0 0 0
Depreciation
Truck rates 0.14 0.24 0.17 0.12 0.10 0.10 0.10
Truck value 258 443 316 226 188 188 188
B.C. rates 0.14 0.24 0.17 0.12 0.10 0.10 0. 10
B.C. value 170 292 208 149 124 124 124
Total value 429 734 525 375 312 312 312
writeoff
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ORE TRANSPORTATION CASH FLOWS (TRUCK & B.CONVEYOR) (2) 
Year 1997 1998 1999 2000 2001 2002 2003
Revenue 0 0 0 0 0 0 0
-Oper Costs -252 -257 -262 -267 -272 -278 -283
-Development 0 0 0 0 0 0 0
-Depreciation 0 0 0 -315 -539 -385 -275
-Amortization 0 0 0 0 0 0 0
-Deprec Writeoff 0 0 0 0 0 0 0
Taxable Income -252 -257 -262 -582 -812 -663 -559
-Tax (40%) 101 103 105 233 325 265 223
Net Income -151 -154 -157 -349 -487 -398 -335
+Depreciation 0 0 0 315 539 385 275
+Amortization 0 0 0 0 0 0 0
+Deprec Writeoff 0 0 0 0 0 0 0
-Capital Costs 0 0 0 -2203 0 0 0
Cash Flow -151 -154 -157 -2237 52 -13 -60
ESCALATED $ COST, AMORTIZATION AND DEPRECIATION
Year 1997 1998 1999 2000 2001 2002 2003
Rate (base:1990) 1.15 1.17 1.20 1.22 1.24 1.27 1.29
Oper costs-1990 219 219 219 219 219 219 219









Esc $ Truck 2203
B.C.(1990)
Esc $ B.C.
Esc $ Equip 0 0 0 2203 0 0 0
Depreciation
Truck rates 0.14 0.24 0.17 0. 12
Truck value 315 539 385 275
B.C. rates
B.C. value
Total value 0 0 315 539 385 275
writeoff
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ORE TRANSPORTATION CASH :FLOWS (TRUCK & B.CONVEYOR) (3)
Year 2004 2005 2006 2007 2008 2009 2010
Revenue 0 0 0 0 0 0 0
-Oper Costs -289 -295 -301 -307 -313 -319 -325
-Development 0 0 0 0 0 0 0
-Depreciation -229 -390 -504 -196 -140 -117 -501
-Amortization 0 0 0 0 0 0 0
-Deprec Writeoff 0 0 0 0 0 0 0
Taxable Income -518 -684 -805 -503 -453 -436 -826
-Tax (40%) 207 274 322 201 181 174 330
Net Income -311 -411 -483 -302 -272 -262 -496
+Depreciation 229 390 504 196 140 117 501
♦Amortization 0 0 0 0 0 0 0
♦Deprec Writeoff 0 0 0 0 0 0 0
-Capital Costs 0 -1122 0 0 0 0 -•2685
Cash Flow -82 -1143 21 -105 -132 -145 ->2680
ESCALATED $ COST, AMORTIZATION AND DEPRECIATION
Year 2004 2005 2006 2007 2008 2009 2010
Rate (base:1990) 1.32 1.35 1.37 1.40 1.43 1.46 1.49
Oper costs-1990 219 219 219 219 219 219 219









Esc $ Truck 2685
B.C.(1990) 834
Esc $ B.C. 1122
Esc $ Equip 0 1122 0 0 0 0 2685
Depreciation
Truck rates 0.10 0.10 0.10 0.14
Truck value 229 229 229 384
B.C. rates 0.14 0.24 0.17 0.12 0.10 0.10
B.C. value 160 275 196 140 117 117
Total value 229 390 504 196 140 117 501
writeoff
ORE TRANSPORTATION CASH FLOWS (TRUCK & B.CONVEYOR) 
Year 2011 2012 2013 2014 2015
Revenue 0 0 0 0 280
-Oper Costs -332 -339 -345 -352 -220
-Development 0 0 0 0 0
-Depreciation -774 -470 -335 -280 -280
-Amortization 0 0 0 0 0
-Deprec Writeoff 0 0 0 0 -280
Taxable Income ■1106 -808 -681 -632 -499
-Tax (40%) 443 323 272 253 200
Net Income -664 -485 -408 -379 -300
♦Depreciation 774 470 335 280 280
♦Amortization 0 0 0 0 0
♦Deprec Writeoff 0 0 0 0 280
-Capital Costs 0 0 0 0 0
Cash Flow 111 -15 -73 -100 259
ESCALATED $ COST, AMORTIZATION AND DEPRECIATIO
Year 2011 2012 2013 2014 2015
Rate (base:1990) 1.52 1.55 1.58 1.61 1.64
Oper costs-1990 219 219 219 219 134












Esc $ Equip 0 0 0 0 0
Depreciation
Truck rates 0.24 0.17 0.12 0.10 0.10
Truck value 658 470 335 280 280
B.C. rates 0.10
B.C. value 117




Haulage Time and Required Number of Trucks 
for Mechanical Mining Method
T-3921 246
(1) STANDARD HAULAGE TIME (min)
Route: Bench - Stockpile (ORE)









1 90,91,92 5300 0.30 3.71 3 .28 1.30 3 .17 11.76
2 90,93,94
95,96
5400 0.30 3.71 3.15 1.30 3 .15 11. 60
3 91,97,98 5450 0.30 3.71 3.49 1.30 3 .14 11. 93
4 92,99,00
01
5600 0.30 3.71 3.80 1.30 3.11 12.22
5 93,94,02
03,04,05
5750 0.30 3.71 4.16 1.30 3.15 12.62
6 95,06,07
08
6000 0.30 3.71 4.56 1.30 3.23 13.10
7 96,97,98 
99,09,10
6250 0.30 3 .71 4.97 1.30 3 .30 13.58
8 00,01,02 
11,12
6500 0.30 3.71 5.37 1.30 3.37 14.05
9 03,04,05
13
6850 0.30 3.71 5.83 1.30 3 .47 14.61
10 06,07,08
09,14,15
7100 0.30 3.71 6.24 1.30 3.53 15.08
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Route: Bench - Waste Dump (WASTE)









1 90,91,92 2750 0.30 3 .71 1.24 1.30 1.27 7 . 82
2 90,93,94
95,96
2950 0.30 3.71 1.43 1.30 1.29 8 . 03
3 91,97,98 1650 0.30 3.71 1.04 1.30 0. 88 7 .24
4 92,99,00
01
1900 0.30 3.71 1.40 1.30 0.89 7.60
5 93,94,02
03,04,05
2150 0.30 3.71 1.80 1.30 0.97 8.08
6 95,06,07
08
2500 0. 30 3 .71 2.25 1.30 1. 07 8. 64
7 96,97,98
99,09,10
2750 0.30 3.71 2.66 1.30 1.14 9.11
8 00,01,02
11,12
3000 0.30 3.71 3.06 1.30 1.21 9.58
9 03,04,05.
13
3350 0.30 3.71 3.52 1.30 1.31 10.14
10 06,07,08 
09,14,15
3600 0.30 3.71 3.93 1.30 1.37 10.61
Route: 
Truck:
Stockpile - Wallboard Plant (ORE) 
18 Wheel 25tonLoader: CAT 980C
BENCH OPER. O.W.DIST. TIME (min)
YEAR (ft) Spot Load Haul Dump ReturnTotal
all 11990 0.30 1.90 5.15 1.30 6.24 14.88
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(2) HAULAGE TIME SUMMARY
Truck: CAT 769C (off Highway)
18 wheel 25ton (Highway) 
Loader: PR750B (bench, cut & load) 
980C (stockpile)
FROM
TO Stockpile TO Waste Dump
Distance Time Distance Time
Bench 1 5300 11.76 2750 7.82
Bench 2 5400 11.60 2950 8.03
Bench 3 5450 11.93 1650 7.24
Bench 4 5600 12.22 1900 7.60
Bench 5 5750 12.62 2150 8.08
Bench 6 6000 13.10 2500 8.64
Bench 7 6250 13.58 2750 9.11
Bench 8 6500 14.05 3000 9.58
Bench 9 6850 14.61 3350 10.14
Bench 10 7100 15.08 3600 10.61
Wallboard Plant 11990 14.88
Note: Distance: One way distance (ft)
Time: Round trip cycle time (min)
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(3) NUMBER OF TRUCKS REQUIRED (page 1)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 25ton (Highway)
YEAR 1990 1991 1992 1993 1994
OPERATING BENCH E-1 E-l E-l E-l,2 E-2
W-1,2 W-2,3 W-3,4 W-4 , 5 W-5
ORE PRODUCTION DAYS
Annual Production 200000 400000 400000 400000 400000
Oper.Days 79 159 159 159 159
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504.00 504.00 504.00 504.00 504.00
Cyc.Time (min/eye) 11.60 11.93 12.22 12.62 12 . 62
Ave.Trip 4.31 4.19 4.09 3 .96 3 .96
Unit Pro.(t/unit) 161.30 156.84 153.12 148.26 148.26
No.of Units 3 3 3 4 4
WASTE PRODUCTION DAYS
Annual Production 115000 230000 230000 230000 230000
Oper.Days 46 91 91 91 91
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504 504 504 504 504
Cyc.Time (min/eye) 8.03 7.24 7.60 8.08 8.08
Ave.Trip 6.23 6.91 6.58 6.19 6. 19
Unit Pro.(t/unit) 233.01 258.44 246.20 231.57 231.57
No.of Units 2 2 2 2 2
REQUIRED 769C UNITS 3 3 3 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 125 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly(t/op.hr) 320 320 320 320 320
Cyc.Time (min/cyc) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3.36 3 .36
Unit Pro.(t/unit) 84.01 84.01 84.01 84.01 84.01
REQUIRED 18 WHEEL UN 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 2)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 25ton (Highway)
YEAR 1995 1996 1997 1998 1999
OPERATING BENCH E-2 E-2 E-2 , 3 E-3 E-3 , 4
W-5,6 W-6,7 W-7 W-7 W-7
ORE PRODUCTION DAYS
Annual Production 400000 400000 400000 400000 400000
Oper.Days 159 159 159 159 159
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504.00 504.00 504.00 504.00 504.00
Cyc.Time (min/cyc) 13.10 13.58 13.58 13 . 58 13 . 58
Ave.Trip 3.82 3.68 3.68 3.68 3 . 68
Unit Pro.(t/unit) 142.83 137.78 137.78 137.78 137.78
No.of Units 4 4 4 4 4
WASTE PRODUCTION DAYS
Annual Production 230000 230000 230000 230000 230000
Oper.Days 91 91 91 91 91
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504 504 504 504 504
Cyc.Time (min/cyc) 8.64 9.11 9.11 9.11 9.11
Ave.Trip 5.79 5.49 5.49 5.49 5.49
Unit Pro.(t/unit) 216.56 205.39 205.39 205.39 205.39
No.of Units 3 3 3 3 3
REQUIRED 769C UNITS 4 4 4 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 250 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly(t/op.hr) 320 320 320 320 320
Cyc.Time (min/cyc) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3.36 3.36
Unit Pro.(t/unit) 84.01 84.01 84.01 84.01 84 .01
REQUIRED 18 WHEEL UN 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 3)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 25ton (Highway)
YEAR 2000 2001 2002 2003 2004
OPERATING BENCH E-4 E-4 E-4, 5 E-5 E-5
W-7 ,8 W-8 W-8 W-8, 9 W-9
ORE PRODUCTION DAYS
Annual Production 400000 400000 400000 400000 400000
Oper.Days 159 159 159 159 159
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504.00 504.00 504.00 504.00 504.00
Cyc.Time (min/cyc) 14.05 14.05 14.05 14 . 61 14 . 61
Ave.Trip 3.56 3.56 3.56 3.42 3.42
Unit Pro.(t/unit) 133.17 133.17 133.17 128.07 128.07
No.of Units 4 4 4 4 4
WASTE PRODUCTION DAYS
Annual Production 230000 230000 230000 230000 230000
Oper.Days 91 91 91 91 91
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504 504 504 504 504
Cyc.Time (min/cyc) 9.58 9.58 9.58 10.14 10. 14
Ave.Trip 5.22 5.22 5.22 4.93 4 . 93
Unit Pro.(t/unit) 195.31 195.31 195.31 184.53 184.53
No.of Units 3 3 3 3 3
REQUIRED 769C UNITS 4 4 4 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 250 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly(t/op.hr) 320 320 320 320 320
Cyc.Time (min/cyc) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3. 36 3.36 3.36 3 .36
Unit Pro.(t/unit) 84.01 84.01 84.01 84.01 84.01
REQUIRED 18 WHEEL UN 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 4)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 25ton (Highway)
YEAR 2005 2006 2007 2008 2009
OPERATING BENCH E-5 E-5, 6 E-6 E-6 E-6, 7
W-9 W-9,10 W-10 W-10 W-10
ORE PRODUCTION DAYS
Annual Production 400000 400000 400000 400000 400000
Oper.Days 159 159 159 159 159
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504.00 504.00 504.00 504.00 504.00
Cyc.Time (min/cyc) 14.61 15.08 15.08 15.08 15. 08
Ave.Trip 3.42 3.32 3.32 3.32 3.32
Unit Pro.(t/unit) 128.07 124.08 124.08 124.08 124.08
No.of Units 4 4 4 4 4
WASTE PRODUCTION DAYS
Annual Production 230000 230000 230000 230000 161000
Oper.Days 91 91 91 91 64
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504 504 504 504 504
Cyc.Time (min/cyc) 10.14 10.61 10.61 10.61 10.61
Ave.Trip 4.93 4.71 4.71 4.71 4.71
Unit Pro.(t/unit) 184.53 176.35 176.35 176.35 176.35
No.of Units 3 3 3 3 3
REQUIRED 769C UNITS 4 4 4 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 250 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly(t/op.hr) 320 320 320 320 320
Cyc.Time (min/cyc) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3.36 3.36
Unit Pro.(t/unit) 84.01 84.01 84.01 84.01 84.01
REQUIRED 18 WHEEL UN 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 5)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 25ton (Highway)
YEAR 2010 2011 2012 2013 2014
OPERATING BENCH E-7 E-8 E-8 E-8,9 E-9,10
ORE PRODUCTION DAYS
Annual Production 400000 400000 400000 400000 400000
Oper.Days 159 159 159 159 159
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504.00 504.00 504.00 504.00 504.00
Cyc.Time (min/cyc) 13.58 14.05 14.05 14.61 15.08
Ave.Trip 3.68 3.56 3.56 3.42 3.32
Unit Pro.(t/unit) 137.78 133.17 133.17 128.07 124.08
No.of Units 4 4 4 4 4
WASTE PRODUCTION DAYS
Annual Production 132800 87000 87000 87000 87000
Oper.Days 53 35 35 35 35
Daily (t/day) 2520 2520 2520 2520 2520
Op.Hourly(t/op.hr) 504 504 504 504 504
Cyc.Time (min/cyc) 9.11 9.58 9.58 10.14 10.61
Ave.Trip 5.49 5.22 5.22 4.93 4.71
Unit Pro.(t/unit) 205.39 195.31 195.31 184.53 176.35
No.of Units 3 3 3 3 3
REQUIRED 769C UNITS 4 4 4 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 250 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly(t/op.hr) 320 320 320 320 320
Cyc.Time (min/cyc) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3.36 3.36
Unit Pro.(t/unit) 84.01 84.01 84.01 84.01 84.01
REQUIRED 18 WHEEL UN 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 6)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 2 5ton (Highway) 
YEAR 2015
OPERATING BENCH E-10
ORE PRODUCTION DAYS 




Cyc.Time (min/cyc) 15.08 
Ave.Trip 3.32











REQUIRED 769C UNITS 4







REQUIRED 18 WHEEL UN 4
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Appendix F
Equipment Capital Costs, Depreciation 
Property Tax and Insurance Costs 
for Mechanical Mining Method
T-3921 256
EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX


































































































































1990 1991 1992 1993 1994 1995
UNITS 1
PRICE 236000 0 0 0 0 0
Esc. $ 236000 0 0 0 0 0
Rate 0.1429 0. 2449 0.1749 0.12494 0.10412 0.10412
Deprec 33724 57796 41276 29486 24572 24572
Book Val 
Write Off
202276 144479 103203 73717 49145 24572
MODEL: D7H
PRICE: $228,000
YEAR 1990 1991 1992 1993 1994 1995
UNITS 1
PRICE 228000 0 0 0 0 0
Esc. $ 228000 0 0 0 0 0
Rate 0.1429 0.2449 0.1749 0.12494 0.10412 0.10412
Deprec 32581 55837 39877 28486 23739 23739
Book Val 
Write Off








1991 1992 1993 1994 1995
UNITS 4
PRICE 404000 0 0 0 0 0
Esc. $ 404000 0 0 0 0 0
Rate 0.2 0.32 0.192 0.144 0.144
Deprec 80800 129280 77568 58176 58176
Book Val 
Write Off









































(b) Summary Capital Costs and Depreciation ($1000)






















(c) Summary Equipment Property Tax ($1000)























(d) Summary Equipment Insurance Costs ($1000)

















EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX





YEAR 1996 1997 1998 1999 2000 2001
UNITS 1
PRICE 0 0 443250 0 0 0
Esc. $ 0 0 519338 0 0 0
Rate 0.10412 0.1429 0.2449 0.1749 0.12494
Deprec 46151 74213 127186 90832 64886
Book Val 
Write Off






1996 1997 1998 1999 2000 2001
UNITS
PRICE 0 0 0 0 0 0







Rate 0.12494 0.10412 0.10412 0.10412
Deprec 48394 40330 40330 40330
Book Val 120990 80660 40330 0
Write Off
769C Total
Deprec 162406 40330 40330 40330 0 0
Book Val 120990 80660 40330 0 0 0








1996 1997 1998 1999 2000 2 001
UNITS 1























1996 1997 1998 1999 2000 2001
UNITS
PRICE 0 0 0
1
228000 0 0
























1997 1998 1999 2000 2001
UNITS











YEAR 1996 1997 1998 1999 2000 2001
UNITS






0 0 0 0 0
(b) Summary Capital Costs and Depreciation ($1000)
YEAR 1996 1997 1998 1999 2000 2001
Capital 0 0 519 272 288 0
Deprec. 257 40 115 206 199 183
Write Off 0 0 0 0 0 0
(c) Summary Equipment Property Tax ($1000)

















(d) Summary Equipment Insurance Costs ($1000)












EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX





YEAR 2002 2003 2004 2005 2006 2007
UNITS 1
PRICE 0 0 0 0 443250 0
Esc. $ 0 0 0 0 608487 0
Rate 0.10412 0.10412 0.10412 0.1429 0.2449
Deprec 54073 54073 54073 86953 149019
Book Val 
Write Off
108147 54073 0 521534 372516
MODEL: 769C 
PRICE: $365,000 
YEAR 2002 2003 2004 2005 2006 2007
UNITS
PRICE 0 0 0 0
3
1095000 0


















Deprec 0 0 0 0 214807 368134
Book Val 0 0 0 0 1288393 920259





YEAR 2002 2003 2004 2005 2006 2007
UNITS
PRICE 0 0 0 0 0 0
Esc. $ 0 0 0 0 0 0
Rate 0.1749 0.12494 0.10412 0.10412 0.10412
Deprec 50316 35943 29954 29954 29954
Book Val 
Write Off






2002 2003 2004 2005 2006 2007
UNITS
PRICE 0 0 0 0 0 0
























2003 2004 2005 2006 2007
UNITS 4
PRICE 0 404000 0 0 0 0
Esc. $ 0 522617 0 0 0 0
Rate 0.2 0.32 0.192 0.144 0. 144
Deprec 104523 167237 100342 75257 75257
Book Val 
Write Off





YEAR 2 002 2003 2004 2005 2006 2007
UNITS 2
PRICE 0 28000 0 0 0 0
Esc.$ 0 36221 0 0 0 0
Rate 0.2 0.32 0.192 0. 144 0. 144
Deprec 7244 11591 6954 5216 5216
Book Val 
Write Off
28977 17386 10432 5216 0
(b) Summary Capital Costs and Depreciation ($1000)
YEAR 2002 2003 2004 2005 2006 2007
Capital 0 559 0 0 2112 0
Deprec. 138 230 291 166 412 598
Write Off 0 0 0 0 0 0
(c) Summary Equipment Property Tax ($1000)























(d) Summary Equipment Insurance Costs ($1000)
















EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX





























































































































YEAR 2008 2009 2010 2011 2012 2013
UNITS 1































228000 0 0 0 0 0
Esc. $ 325640 0 0 0 0 0
Rate 0.1429 0.2449 0.1749 0.12494 0.10412 0.10412
Deprec 46534 79749 56954 40685 33906 33906









2009 2010 2011 2012 2013
UNITS
PRICE 0 0 0 0 0 0





























(b) Summary Capital Costs and Depreciation ($1000)






















(c) Summary Equipment Property Tax ($1000)























(d) Summary Equipment Insurance Costs ($1000)
















EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX

























Rate 0 .10412 0.10412
Deprec 55364 55364




Book Val 55364 -0











Esc. $ 0 0
Rate 0.10412 0.10412
Deprec 36513 36513









































Write Off 0 37
(c) Summary Equipment Property Tax ($1000)
YEAR 2014 2015
Book Val. 128 37
Asse.@29% 37 11
Prop. Tax 2 1
(48.25mil)
(d) Summary Equipment Insurance Costs ($1000) 
YEAR 2014 2015




Haulage Time and Required Number of Trucks 
for Drill and Blast Method
T-3921 272
(1) STANDARD HAULAGE TIME (min)
Route: Bench - Stockpile (ORE)









1 90,91 5300 0.30 3.70 3 .28 1.30 3.17 11. 75
2 91 5400 0.30 3.70 3.15 1.30 3 .15 11. 59
3 91,92,94 5450 0. 30 3.70 3.49 1.30 3 .14 11.92
4 92,93,98 5600 0.30 3 . 70 3 .80 1.30 3.11 12 .21
5 94,95,01 5750 0.30 3 .70 4 .16 1.30 3 .15 12.61
6 95,96,97
02,03












6850 0.30 3.70 5.83 1.30 3.47 14 . 60
10 05,06,11
13,14,15
7100 0.30 3.70 6.24 1.30 3.53 15. 07
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Route: Bench - Waste Dump (WASTE)
Truck: CAT 769C Loader: CAT 988B high lift
BENCH OPER. O.W.DIST. 





1 90 ,91,92 2750 0.30 3 .70 1. 24 1.30 1.27 7.81
2 92 ,93 2950 0.30 3.70 1.43 1.30 1.29 8 . 02
3 93 ,94,95 1650 0.30 3.70 1.04 1.30 0. 88 7.23
96 ,97
4 97 ,98,99 1900 0.30 3.70 1.40 1.30 0.89 7 . 59
00 ,01
5 01 ,02,03 2150 0.30 3.70 1.80 1.30 0.97 8.07
04 ,08,09
6 02 ,05,06 2500 0.30 3 .70 2.25 1.30 1. 07 8. 63
07 ,09,10
11 , 12
7 99 ,06,07 2750 0.30 3.70 2 . 66 1.30 1.14 9. 10
08 ,12
8 00 ,02,08 3000 0.30 3.70 3.06 1.30 1.21 9.57
12 ,13,14
9 03 ,04,10 3350 0.30 3.70 3.52 1.30 1.31 10. 13
11 ,14
10 05 ,06,11 3600 0.30 3.70 3.93 1.30 1. 37 10. 60
14 ,15
Route: Stockpile - Wallboard Plant (CRUSHED ORE)
Truck: 18 Wheel 25ton Loader : CAT 980C
BENCH OPER. O.W .DIST. TIME (min)
YEAR (ft) Spot Load Haul Dump ReturnTotal
all 11990 0.30 1.90 5.15 1.30 6.24 14.88
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(2) HAULAGE TIME SUMMARY
Truck: CAT 769C (off Highway)
18 wheel 25ton (Highway)
Loader: CAT 988B high lift (bench)
CAT 980C high lift (stockpile)
FROM
TO Stockpile TO Waste Dump
Distance Time Distance Time
Bench 1 5300 11.75 2750 7.81
Bench 2 5400 11.59 2950 8.02
Bench 3 5450 11.92 1650 7.23
Bench 4 5600 12.21 1900 7.59
Bench 5 5750 12.61 2150 8.07
Bench 6 6000 13.09 2500 8. 63
Bench 7 6250 13.57 2750 9.10
Bench 8 6500 14.04 3000 9.57
Bench 9 6850 14.60 3350 10.13
Bench 10 7100 15.07 3600 10.60
Wallboard Plant 11990 14.88
Note: Distance: One way distance (ft)
Time: Round trip cycle time (min)
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(3) NUMBER OF TRUCKS REQUIRED (Page 1)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 2 5ton (Highway)
YEAR 1990 1991 1992 1993 1994
OPERATING BENCH (ORE) 1 1,2,3 3 / 4 4,5 3,5
(WASTE) 1 1 1,2 2 , 3 3
ORE PRODUCTION DAYS
Annual Production 200000 400000 400000 400000 400000
Oper.Days 83 167 167 167 167
Daily (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/eye) 11.75 11.92 12.21 12 . 61 12. 61
Ave.Trip 4.26 4.19 4.10 3 .97 3.97
Unit Pro. (t/unit) 159.24 156.97 153.24 148.38 148.38
No.of Units 3 3 3 3 3
WASTE PRODUCTION DAYS
Annual Production 100000 200000 200000 200000 200000
Oper.Days 42 83 83 83 83
Daily (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/eye) 7.81 7.81 8.02 7.23 7.23
Ave.Trip 6.40 6.40 6.23 6.92 6.92
Unit Pro. (t/unit) 239.58 239.58 233.30 258.80 258.80
No.of Units 2 2 2 2 2
REQUIRED 769C UNITS 3 3 3 3 3
ORE HAULAGE (Stockpile-Plant)
Oper.Days 125 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly (t/op.hr) 320 320 320 320 320
Cyc.Time (min/eye) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3 .36 3 .36
Unit Pro. (t/unit) 84.01 84.01 84.01 84.01 84.01
REQUIRED 18 WHEEL UNITS 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 2)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 25ton (Highway)
YEAR 1995 1996 1997 1998 1999
OPERATING BENCH 5,6 6 6,7 4,7 7
3 3 3,4 4 4,7
ORE PRODUCTION DAYS
Annual Production 400000 400000 400000 400000 400000
Oper.Days 167 167 167 167 167
Daily (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/eye) 13.09 13.09 13.57 13 . 57 13.57
Ave.Trip 3.82 3.82 3.68 3.68 3.68
Unit Pro. (t/unit) 142.94 142.94 137.89 137.89 137.89
No.of Units 4 4 4 4 4
WASTE PRODUCTION DAYS
Annual Production 200000 200000 200000 200000 200000
Oper.Days 83 83 83 83 83
Daily (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/eye) 7.23 7.23 7.59 7.59 9.10
Ave.Trip 6.92 6.92 6.59 6.59 5.49
Unit Pro. (t/unit) 258.80 258.80 246.52 246.52 205.62
No.of Units 2 2 2 2 3
REQUIRED 769C UNITS 4 4 4 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 250 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly (t/op.hr) 320 320 320 320 320
Cyc.Time (min/eye) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3.36 3.36
Unit Pro. (t/unit) 84.01 84.01 84.01 84.01 84.01
REQUIRED 18 WHEEL UNITS 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 3)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 25ton (Highway)
YEAR 2000 2001 2002 2003 2004
OPERATING BENCH 7,8 5,8 6,8 6,9 9
4,8 4,5 5,6,8 5,9 5,9
ORE PRODUCTION DAYS
Annual Production 400000 400000 400000 400000 400000
Oper.Days 167 167 167 167 167
Daily (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/eye) 14.04 14.04 14.04 14.60 14 . 60
Ave.Trip 3.56 3.56 3.56 3 .42 3.42
Unit Pro. (t/unit) 133.27 133.27 133.27 128.16 128.16
No.of Units 4 4 4 4 4
WASTE PRODUCTION DAYS
Annual Production 200000 200000 200000 200000 200000
Oper.Days 83 83 83 83 83
Daily (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/eye) 9.57 8.07 9.57 10.13 10.13
Ave.Trip 5.22 6.20 5.22 4.94 4.94
Unit Pro. (t/unit) 195.52 231.86 195.52 184.71 184.71
No.of Units 3 2 3 3 3
REQUIRED 769C UNITS 4 4 4 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 250 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly (t/op.hr) 320 320 320 320 320
Cyc.Time (min/eye) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3.36 3.36
Unit Pro. (t/unit) 84.01 84.01 84.01 84.01 84.01
REQUIRED 18 WHEEL UNITS 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 4)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 25ton (Highway)
YEAR 2005 2006 2007 2008 2009
OPERATING BENCH 9,10 7, 10 7 7,8 8
6, 10 6,7,10 6,7 5,7,8 5,6
ORE PRODUCTION DAYS
Annual Production 400000 400000 400000 400000 400000
Oper.Days 167 167 167 167 167
Daily (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/cyc) 15.07 15.07 13.57 14.04 14 . 04
Ave.Trip 3.32 3.32 3.68 3.56 3.56
Unit Pro. (t/unit) 124.16 124.16 137.89 133.27 133.27
No.of Units 4 4 4 4 4
WASTE PRODUCTION DAYS
Annual Production 200000 200000 200000 200000 200000
Oper.Days 83 83 83 83 83
Daily . (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/cyc) 10.60 10.60 9.10 9.57 8.63
Ave.Trip 4.72 4.72 5.49 5.22 5.79
Unit Pro. (t/unit) 176.52 176.52 205.62 195.52 216.81
No.of Units 3 3 3 3 2
REQUIRED 769C UNITS 4 4 4 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 250 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly (t/op.hr) 320 320 320 320 320
Cyc.Time (min/cyc) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3.36 3.36
Unit Pro. (t/unit) 84.01 84.01 84.01 84.01 84.01
REQUIRED 18 WHEEL UNITS 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 5)
Based on Daily Production
Truck: CAT 769C (off Highway), 18 wheel 2 5ton (Highway)
YEAR 2010 2011 2012 2013 2014
OPERATING BENCH 8,9 9,10 7,8,9 9, 10 10
6,9 6,9,10 6,7,8 8 8,9,10
ORE PRODUCTION DAYS
Annual Production 400000 400000 400000 400000 400000
Oper.Days 167 167 167 167 167
Daily (t/day) 2400 2400 2400 2400 2400
Op.Hourly (t/op.hr) 480 480.00 480.00 480.00 480.00
Cyc.Time (min/cyc) 14.60 15.07 14.60 15.07 15. 07
Ave.Trip 3.42 3.32 3.42 3.32 3.32
Unit Pro. (t/unit) 128.16 124.16 128.16 124.16 124.16
No.of Units 4 4 4 4 4
WASTE PRODUCTION DAYS
Annual Production 200000 200000 200000 200000 200000
Oper.Days 83 83 83 83 83
Daily (t/day) 2400 2400 2400 24 00 2400
Op.Hourly (t/op.hr) 480 480 480 480 480
Cyc.Time (min/cyc) 10.13 10.60 9.57 9.57 10. 60
Ave.Trip 4.94 4.72 5.22 5.22 4.72
Unit Pro. (t/unit) 184.71 176.52 195.52 195.52 176.52
No.of Units 3 3 3 3 3
REQUIRED 769C UNITS 4 4 4 4 4
ORE HAULAGE (Stockpile-Plant)
Oper.Days 250 250 250 250 250
Daily (t/day) 1600 1600 1600 1600 1600
Op.Hourly (t/op.hr) 320 320 320 320 320
Cyc.Time (min/cyc) 14.88 14.88 14.88 14.88 14.88
Ave.Trip 3.36 3.36 3.36 3.36 3.36
Unit Pro. (t/unit) 84.01 84.01 84.01 84.01 84. 01
REQUIRED 18 WHEEL UNITS 4 4 4 4 4
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NUMBER OF TRUCKS REQUIRED (Page 6)
Based on Daily Production




















Unit Pro. (t/unit) 176.52
No.of Units 3







Unit Pro. (t/unit) 84.01
REQUIRED 18 WHEEL UNITS 4
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Appendix H
Equipment Capital Costs, Depreciation, 
Property Tax and Insurance Costs 
for Drill and Blast Method
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EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX 








1990 1991 1992 1993 1994 1995
UNITS 1
PRICE 378000 0 0 0 0 0
Esc. $ 378000 0 0 0 0 0
Rate 0.1429 0.2449 0.1749 0.1249 0.1041 0.1041
Deprec 54016 92572 66112 47227 39357 39357
Book Val 
Write Off






1990 1991 1992 1993 1994 1995
UNITS 1
PRICE 365500 0 0 0 0 0
Esc. $ 365500 0 0 0 0 0
Rate 0.1429 0.2449 0.1749 0.1249 0.1041 0.1041
Deprec 52230 89511 63926 45666 38056 38056
Book Val 
Write Off




























































































































1990 1991 1992 1993 1994 1995
UNITS 1
PRICE 228000 0 0 0 0 0
Esc. $ 228000 0 0 0 0 0
Rate 0.1429 0.2449 0.1749 0.1249 0.1041 0.1041
Deprec 32581 55837 39877 28486 23739 23739
Book Val 
Write Off




Wheel Dump Truck 
$101,000
1990 1991 1992 1993 1994 1995
UNITS 4
PRICE 404000 0 0 0 0 0
Esc. $ 404000 0 0 0 0 0
Rate 0.2 0.32 0.192 0.144 0.144
Deprec 80800 129280 77568 58176 58176
Book Val 
Write Off






1990 1991 1992 1993 1994 1995
UNITS 2
PRICE 28000 0 0 0 0 , 0
Esc. $ 28000 0 0 0 0 0
Rate 0.2 0.32 0.192 0.144 0.144
Deprec 5600 8960 5376 4032 4032
Book Val 
Write Off








1990 1991 1992 1993 1994 1995
UNITS 1
PRICE 20000 0 0 0 0 0
Esc. $ 20000 0 0 0 0 0
Rate 0.2 0.32 0. 192 0. 144 0. 144
Deprec 4000 6400 3840 2880 2880
Book Val 
Write Off










1118000 0 0 0 0 0
Esc. $ 1118000 0 0 0 0 0
Rate 0.1429 0.2449 0.1749 0.1249 0.1041 0.1041
Deprec 159762 273798 195538 139683 116406 116406




(b) Summary Capital Costs and Depreciation ($1000)






















(c) Summary Equipment Property Tax ($1000)























(d) Summary Equipment Insurance Costs ($1000)
















EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX 








1996 1997 1998 1999 2000 2001
UNITS 1
PRICE 0 378000 0 0 0 0
Esc. $ 0 434203 0 0 0 0
Rate 0.10412 0.1429 0.2449 0.1749 0.1249 0.1041
Deprec 39357 62048 106336 75942 54249 45209
Book Val 
Write Off






1996 1997 1998 1999 2000 2001
UNITS 1
PRICE 0 0 365500 0 0 0
Esc. $ 0 0 428242 0 0 0
Rate 0.10412 0.1429 0.2449 0.1749 0.1249
Deprec 38056 61196 104876 74899 53504
Book Val 
Write Off





YEAR 1996 1997 1998 1999 2000 2001
UNITS
PRICE 0 0 0 0 0 0







Rate 0.2449 0.1749 0.1249 0.1041 0.1041 0.1041
Deprec 98692 70483 50350 41959 41959 41959
Book Val 246710 176227 125878 83919 41959 -0
Write Off
769C Total
Deprec 212704 70483 50350 41959 41959 41959
Book Val 246710 176227 125878 83919 41959 -0






1996 1997 1998 1999 2000 2001
UNITS 1
PRICE 0 0 0 0 236000 0
Esc. $ 0 0 0 0 287683 0
Rate 0.10412 0.1429 0.2449
Deprec 24572 41110 70453






YEAR 1996 1997 1998 1999 2000 2001
UNITS 1





























1997 1998 1999 2000 2001
UNITS












1996 1997 1998 1999 2000 2001
UNITS











YEAR 1996 1997 1998 1999 2000 2001
UNITS












1996 1997 1998 1999 2000 2001
UNITS
PRICE 0 0 0 0 0 0










(b) Summary Capital Costs and Depreciation ($1000)






















(c) Summary Equipment Property Tax ($1000)























(d) Summary Equipment Insurance Costs ($1000)
















EQUIPMENT CAPITAL COSTS, DEPRECIATION PROPERTY TAX 




YEAR 2002 2003 2004 2005 2006 2007
UNITS 1
PRICE 0 0 378000 0 0 0
Esc. $ 0 0 498763 0 0 0
Rate 0.10412 0.1041 0.1429 0.2449 0.1749 0.1249
Deprec 45209 45209 71273 122147 87234 62315
Book Val 
Write Off






2002 2003 2004 2005 2006 2007
UNITS 1
PRICE 0 0 0 0 365500 0
Esc. $ 0 0 0 0 501753 0
Rate 0.10412 0.1041 0.1041 0.1429 0.2449
Deprec 44589 44589 44589 71701 122879
Book Val 
Writ Off























Deprec 0 0 0 0 0 0
Book Val 0 0 0 0 0 0
Write Off 0 0 0 0 0 0
MODEL: 980C
PRICE: $236,000
YEAR 2002 2003 2004 2005 2006 2007
UNITS
PRICE 0 0 0 0 0 0
Esc. $ 0 0 0 0 0 0
Rate 0.1749 0.1249 0.1041 0.1041 0.1041
Deprec 50316 35943 29954 29954 29954









2002 2003 2004 2005 2006 2007
UNITS
PRICE 0 0 0 0 0 0




















18 Wheel Dump Truck 
$101,000
2002 2003 2004 2005 2006 2007
UNITS 4
PRICE 0 404000 0 0 0 0
Esc. $ 0 522617 0 0 0 0
Rate 0.2 0.32 0.192 0.144 0.144
Deprec 104523 167237 100342 75257 75257
Book Val 
Write Off






2002 2003 2004 2005 2006 2007
UNITS 2
PRICE 0 28000 0 0 0 0
Esc. $ 0 36221 0 0 0 0
Rate 0.2 0.32 0.192 0.144 0.144
Deprec 7244 11591 6954 5216 5216
Book Val 
Write Off








2002 2003 2004 2005 2006 2007
UNITS 1
PRICE 0 20000 0 0 0 0
Esc. $ 0 25872 0 0 0 0
Rate 0.2 0. 32 0. 192 0. 144 0. 144
Deprec 5174 8279 4967 3726 3726
Book Val 
Write Off
20698 12419 7451 3726 -0
CRUSHING PLANT 
CAPITAL: $1,118,000
YEAR 2002 2003 2004 2005 2006 2007
UNITS






0 0 0 0 0 0
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Page 3-5
(b) Summary Capital costs and Depreciation ($1000)
YEAR 2002 2003 2004 2005 2006 2007
Capital 0 585 499 0 502 0
Deprec. 174 271 361 293 273 269
Write Off 0 0 0 0 0 0






Book Val. 345 659 796 504 732 463
Asse.@29% 100 191 231 146 212 134
Prop. Tax 
(48.25mil)
5 9 11 7 10 6
(d) Summary Equipment Insurance Costs ($1000)
YEAR 2002 2003 2004 2005 2006 2007
Book Val. 345 659 796 504 732 463
Ins.(@1%) 3 7 8 5 7 5
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EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX 








2008 2009 2010 2011 2012 2013
UNITS 1
PRICE 0 0 0 378000 0 0
Esc. $ 0 0 0 572922 0 0
Rate 0.10412 0.1041 0.1041 0.1429 0.2449 0.1749
Deprec 51931 51931 51931 81871 140309 100204
Book Val 
Write Off






2008 2009 2010 2011 2012 2013
UNITS
PRICE 0 0 0 0 0 0
Esc. $ 0 0 0 0 0 0
Rate 0.1749 0.1249 0.1041 0.1041 0.1041
Deprec 87757 62689 52243 52243 52243























































































































YEAR 2008 2009 2010 2011 2012 2013
UNITS 1
PRICE 228000 0 0 0 0 0Esc. $ 325640 0 0 0 0 0
Rate 0.1429 0.2449 0.1749 0.1249 0.1041 0.1041
Deprec 46534 79749 56954 40685 33906 33906
Book Val 
Write Off








2009 2010 2011 2012 2013
UNITS












2008 2009 2010 2011 2012 2013
UNITS











YEAR 2008 2009 2010 2011 2012 2013
UNITS






0 0 0 0 0 0
CRUSHING PLANT 
CAPITAL: $1,118,000 
YEAR 2008 2009 2010 2011 2012 2013
UNITS






0 0 0 0 0
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Page 4-5
(b) Summary Capital Costs and Depreciation ($1000)






















(c) Summary Equipment Property Tax ($1000)























(d) Summary Equipment Insurance Costs ($1000)
















EQUIPMENT CAPITAL COSTS, DEPRECIATION, PROPERTY TAX 










Esc. $ 0 0
Rate 0.12494 0.1041
Deprec 71581 59653



































Book Val 246761 166125









Esc. $ 0 0
Rate 0.10412 0.1041
Deprec 36513 36513











































































(c) Summary Equipment Property Tax ($1000)
YEAR 2014 2015
Book Val. 499 322
Asse.@29% 145 93
Prop. Tax 7 5
(48.25mil)
(d) Summary Equipment Insurance Costs ($1000)
YEAR 2014 2015
Book Val. 499 322
Ins.(@1%) 5 3
